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In order to protect the parking privilege of disabled people, Saga Prefecture was the first 
prefecture to carry out the handicapped parking permit identification card system (the PP system) 
without penalty in Japan. This PP system can identify the parking vehicle of disabled people by 
showing parking permits and relies on morals and manners of able-bodied people. The first 
survey to prove the effectiveness of the PP system consists of two aspects. One is the actual 
circumstance of handicapped parking by observing on the spot. The other is investigation 
applied a questionnaire survey to examine the perception of users of handicapped parking 
whether the PP system is improved or not by utilizing questionnaires. On the basis of the results 
of surveys at a shopping mall in Saga Prefecture, it proved that the PP system somewhat 
prevented the able-bodied from parking in 3.5m-wide handicapped parking spaces, but the 
problem of mutual interference between the severely disabled (wheelchair and crutch users) and 
mildly disabled (elderly, pregnant women and people having mild difficulties with walking) 
occurred because scope of application was expanded but the ratio of handicapped parking 
spaces in the parking lot was not increased. At certain sites, the allocated handicapped parking 
spaces were occupied for nearly 60% of the time indicating an unacceptable level of 
inconvenience for severely disabled. On the other hand, the results of questionnaires also 
showed that 40% of wheelchair users answered “it became worse after the PP system was 
implemented”, which indicated a deterioration of availability of handicapped parking since 
introduction of the PP system. Consequently, the PP system did not have much effect on 
improving the parking environment for the severely disabled. The main reasons may include 
two problems: a) there is no legally binding force, and thus may lead to the improper use of the 
disabled parking spaces; b) pregnant women and those having mild trouble with walking do not 
need the 3.5m-wide standard disabled parking spaces, which hinders the parking of the severely 
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disabled vehicle owners such as wheelchair users in Saga. It is difficult to resolve the former 
problem recently, we may consider about it in the further research. The method to improve 
parking permit system for second one may add more handicapped parking spaces. 
Then, the local government was aware of the situation of shortage of handicapped 
parking spaces and then introduced handicapped parking permit plus one action (the PO system) 
that government added some 2.5 - 2.75m-wide narrow handicapped parking spaces for mildly 
disabled people. However, because of lack of obvious signs and mostly the same width with 
regular parking spaces, able-bodied drivers frequently misused these bays much more than wide 
handicapped parking spaces. Consequently, conflict between severe and mild has not 
completely resolved.      
In fact, interviews and workshops held in university have revealed that the wheelchair 
users and crutch users are frustrated because they are unable to find vacant designated parking 
bays and those spaces are often occupied by mildly disabled people who may be pregnant, 
elderly or have relatively mild difficulties with walking even after PO system introduced. The 
situation that wheelchair users are unable to park in handicapped parking spaces will become 
more and more serious because an increasing number of persons including old people and 
pregnant women will obtain the parking privilege as well as wheelchair users do. Based on 
calculation, it is reasonable to consider that between 25% - 30% of the population in Saga is eligible 
to use handicapped parking spaces. 
Following investigation and experiments are done by authors. Based on some 
observation survey and questionnaires, it shows wheelchair users mainly focus on two factors: 
1) the short distance from parking lot to entrances; 2) and wide space, rather than other parking 
factors (such as roof set up or some staffs helping them to alight.) That is to say, it is very 
important to reserve wide handicap spaces nearby to entrances.  
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Additionally, the authors believed that 3.5 m-wide standard spaces were not necessary 
for pregnant women, elderly and those having mildly trouble with walking.  A physical 
simulation and questionnaire survey were carried out with assistance from volunteers with 
different types of disabilities who were asked to park in a confined space in order to obtain 
meaningful data for space requirements by disabled individuals. The investigation found that the 
current standard of 3.5 m width adopted for handicapped parking is conservative and has little 
merit from the point of view of functionality for handicapped individuals who participated in 
the survey including severely disabled persons. Results showed a space width of 3.25 m is 
sufficient for wheelchair users; 3.00 m is sufficient for those relying on crutches; and 
2.75m-wide space is recommended for the mildly disabled.  
The concept that disabled passengers are firstly dropped off in the drop-off area by their 
able-bodied driver and consequently, handicapped spaces are used only for disabled drivers is 
discussed. It has proved that drop-off area in popular shopping mall will play an important role 
in handicapped parking lot. 
The data collected allowed the research team to propose a new arrangement for 
increasing the parking spaces for disabled persons. The dissertation explains the physical data 
collection process and details of the proposed arrangement that could better utilize the available 
space. Based on the analysis of comparing proposed handicapped parking configuration to 
traditional handicapped parking configuration, there is much merit in the proposed handicapped 
parking reconfiguration rather than in the traditional one. There is now scope to achieve a 
meaningful proportion of disabled parking near public facilities with minimal impact on regular 
users.  If the number of regular parking spaces is not negotiable, the proposed configuration 
provides the least cost solution to increase disabled parking. 
Another physical experiment done in Saga University shows that the violation occurs by 
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able-bodied drivers frequently in places that are far from entrances and people with handicaps 
would not pay attention to these spots. It is also proved that setting up warning messages and 
vertical signs is an effective way to protect the handicapped parking spaces for severely disabled 
people. The rate of illegal parking decreased rapidly when warning messages and vertical signs 
were added to handicapped parking spaces. 
Finally, conclusions of dissertation are drawn into the last chapter. Some suggestions and 
comments are presented in parking permit system, which includes three main parts: policy, 
improvement for individual with disability and measures for able-bodied people. We hope the 
environment parking for individual with disabilities will be vastly improved according to all 
results in this research, and all residents will know and understand handicapped parking system 
much more. As so, the reserved handicapped parking spaces will be protected and paid close 















TABLE OF CONTENTS 
1. INTRODUCTION ................................................................................................................... 1 
1.1 Background ............................................................................................................................... 1 
1.2 Objective and Significance ....................................................................................................... 3 
1.3 Literature Review ..................................................................................................................... 5 
1.3.1 Overseas .............................................................................................................................. 5 
1.3.2 Domestic .............................................................................................................................. 7 
1.4 Scope of Research and Outline of Dissertation ...................................................................... 9 
2. PRESENT STATE OF HANDICAPPED PARKING SYSTEM IN JAPAN AND 
OVERSEAS ............................................................................................................................... 18 
2.1 Domestic ................................................................................................................................... 18 
2.2 Overseas ................................................................................................................................... 21 
2.2.1 Legislation and Permits ................................................................................................... 21 
2.2.2 Minimum Space Standards for Handicapped Parking ................................................. 24 
2.3 Conclusions of Chapter 2 ....................................................................................................... 27 
3. THE EFFECT OF TRADITIONAL HANDICAPPED PARKING SYSTEM AND ROOT 
PROBLEM ................................................................................................................................. 31 
3.1 Content of Handicapped Parking System in Saga ............................................................... 31 
3.2 The Effect of Traditional Handicapped Parking System ..................................................... 33 
3.2.1 The Period of Parking Permit ......................................................................................... 36 
3.2.2 The Period of Parking Permit Plus One Action ............................................................ 39 
3.2.3 User Perception ................................................................................................................ 41 
3.2.4 Analysis and Summary .................................................................................................... 44 
3.3 Root Problem ........................................................................................................................... 49 
3.3.1 Basic Data ......................................................................................................................... 49 
3.3.2 Predict Data ...................................................................................................................... 52 
3.3.3 Quantity of Parking Permit for Applicant ..................................................................... 57 
3.4 Other Problems ....................................................................................................................... 58 
3.4.1 Policy ................................................................................................................................. 59 
3.4.2 Individuals with Disabilities ............................................................................................ 60 
3.4.3 Violation from Able-bodied Individuals ......................................................................... 61 
3.4.4 Parking Permits ............................................................................................................... 62 
2 
 
3.5 Conclusions of Chapter 3 ....................................................................................................... 62 
4. DROP-OFF AREA IN HANDICAPPED PARKING SYSTEM ........................................ 66 
4.1 Appropriate Width of Handicapped Parking Spaces .......................................................... 66 
4.2 Drop-off Area in Handicapped Parking System ................................................................... 74 
4.3 Conclusion of Chapter 4 ......................................................................................................... 77 
5. THE NEW CONCEPTUAL HANDICAPPED PARKING SYSTEM .............................. 80 
5.1 Reconfiguration of Handicapped Parking Spaces ............................................................... 80 
5.1.1 Basics of the reconfiguration concept ............................................................................. 80 
5.1.2 Computation of potential space savings from with adoption of proposed 
configurations ............................................................................................................................ 84 
5.2 The Conceptual Design in Proposed Parking Reconfiguration .......................................... 95 
5.3 The Conceptual Design for Handicapped Parking in the Shopping Mall .......................... 98 
5.4 Conclusion of Chapter 5 ....................................................................................................... 100 
6. ATTEMPTED SOLUTIONS FOR ILLEGAL PARKING .............................................. 102 
6.1 Ground Marking, Signs and Messages................................................................................ 102 
6.2 Conclusion of Chapter 6 ....................................................................................................... 112 
7. SUGGESTIONS AND CONCLUSIONS........................................................................... 114 
7.1 Countermeasure for Improvement ...................................................................................... 114 
7.2 Conclusions ............................................................................................................................ 116 
7.3 Future Study .......................................................................................................................... 119 







In Japan, handicapped parking spaces are always set up in public places, such as libraries, 
municipal government offices, supermarket, shopping malls, etc..  However, regardless of the 
inconvenience for the disabled, many able-bodied people often use the disabled parking spaces, 
resulting in inconvenience and disappointment for the people who rely on the availability and 
use of these spaces.  Generally, in order to address this issue, cone shaped objects are installed 
in the disabled parking spaces to stop other vehicles from improperly parking there, but this 
method increases the inconvenience for severely disabled vehicle owners such as wheelchair 
and crutch users (1). 
The reason that the illegal parking in handicap spaces by able-bodied drivers continually 
occurs in Japan may be because the Japanese government legislation had been mainly silent on 
policing aspects of handicapped parking although it has specified the minimum standards 
owners of traffic generators must uphold.  According to the law (i) the width of handicapped 
parking spaces should be at least 3.5 m (2); (ii) handicapped parking space should be provided 
as close as possible to entrances of demand centers such as shopping malls (3); and (iii) the 
minimum required number of handicapped parking spaces is specified as 2% of the number of 
total parking spaces when that total available space is equal to or less than 200, or 1% of the 
total parking spaces plus two when the 200 space threshold is exceeded (4). The content of law 
is obviously oversimplified when it comes to compare with The Americans with Disabilities Act 
(ADA). ADA stipulates detailed the print color being blue for parking spaces and width being 
60-inch-wide (1.52 m) for access aisles contrasting with other spaces. It defines the height being 
5 to 7 feet (1.67~2.13 m) above the ground for penalty sign. Furthermore, the number of 
handicapped parking spaces in ordinary parking lots is clearly elaborated from ADA as well (5). 
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Additionally, the parking facilities and permit requirements for handicapped parking system are 
exhaustively described in the European Union, UK, South Korea, Singapore etc..  Although 
handicapped parking is important because many disabled people depend on private vehicles for 
transportation, some able-bodied people misuse the disabled parking spaces, resulting in 
inconvenience and disappointment for genuinely disabled people. In an effort to reduce the 
illegal use of parking spaces reserved for people with disabilities, overseas researchers have 
investigated the effects of signage (6), printed messages (7), fines (8), and policing and 
enforcement on rate of violations (9).  However, in Japan, regulators are reluctant to 
criminalize petty offences and have not formed a legal framework to deal with handicapped 
parking lot usage by able-bodied individuals.  Adopting a concept from social cognitive theory 
(10), Saga prefecture set about designing a framework based on self-sanctions to reduce the 
abuse of disabled parking. Saga Prefecture introduced the first formal identification card system 
for disabled users of vehicles that serves as parking permit to use handicapped parking spaces.  
This concept referred to as the PP system was introduced on July 29, 2006. This system 
classified disabilities according to level of severity into two categories allowing authorities to 
broaden the definition of ‗disabled person‘ to include non-visible disabilities, intellectual 
disabilities and temporary incapacitations.  The color of the permit conveyed the level of 
severity, either severe or mild, to the observer.  
The acceptance of more categories of disabilities in the formal system introduced has 
increased the potential user population while the number of handicapped parking spaces 
remained unchanged.  Thus, two problems remain with this system. The first is that there is no 
legally binding force, and thus may lead to the improper use of the disabled parking spaces.  
The second is that pregnant women and those having mild trouble with walking do not need the 
3.5m-wide standard disabled parking space, which continually hinders the parking of the 
3 
 
severely disabled vehicle owners such as wheelchair users.  
Therefore, since January 2010, on the basis of the PP system, Saga Prefecture has added 
some narrow handicapped parking spaces that are 2.50~2.75m-wide, and has carried out the 
Parking Permit Plus One Action (the PO System) (11). According to the PO system, pregnant 
women and those having mild trouble with walking can use the parking space that are 3.5 m and 
2.5~2.75 m wide, while the severely disabled can only use the 3.5 m parking space.  In this 
way, the proportion of the use of 3.5 m-wide parking spaces by the mildly disabled people had 
declined, which would indirectly improve the parking environment for the severely disabled.  
However, compared with the experience of handicapped parking permit from the Western 
countries where strict laws and rules have been established to protect the privilege of the 
disabled people, the authors are worried whether the PP & PO systems can completely resolve 
these problems previous mentioned.  
This dissertation presents all surveys and investigations during the PP system and the PO 
system introduced to show the effectiveness of systems. After the analysis of problems in the PP 
& PO systems, some experiments and investigations in order to improve handicapped parking 
permit system, including actual width of handicapped parking spaces and signs & messages 
against able-bodied drivers, will be described. Drop-off area nearby to the entrances for disabled 
passengers will be mentioned. Additionally, it also explains the physical data collection process 
and details of the proposed arrangement that could better utilize the available space. Finally, 
some comments and suggestions to improve handicapped parking in Saga will be provided.  
 
1.2 Objective and Significance 
The handicapped parking spaces are significant and indispensable for the individuals with 
disabilities because approximately 72% of people with disabilities in the world depend on 
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private automobiles for transportation. (12) Due to the fact that spaces are wider than ordinary 
parking spaces and the distance from handicapped parking lots to entrances is nearer, the 
disabled people always obtain benefit of parking there. It is difficult or impossible to park if 
drivers who are wheelchair users cannot find handicapped parking spaces and they want to park 
in regular parking spaces.  In fact, the individuals with severe disabilities (wheelchair users) 
cannot park in handicapped parking spaces because spaces are currently parked in by 
able-bodied people or those sometimes having mild difficulty with walking, and also, because 
one, there is no fine or other penalties for illegal parking and two, the local government expands 
its scope of application by including pregnant women and those having mildly trouble with 
walking without increasing the ratio of handicapped parking, and the ability for handicapped to 
park is decreased. More and more, severely disabled people complained the chances of parking 
in handicapped spaces became fewer even after the PO system was introduced, though the 
system adds one or two spaces of 2.50~2.75 m-wide for mildly disabled people next to the 
standard handicap spaces.  Therefore, in order to resolve the problem: Pregnant women, 
elderly and those having mildly trouble with walking will hinder the parking of the severely 
disabled vehicle owners, the author started to study the effectiveness of handicapped parking 
and attempted to find some methods to resolve problems.  
Main Objective: To resolve problems and to improve handicapped parking permit system 
in Saga. It includes: 1. To identify the effect of the PP&PO Systems in the popular shopping 
malls; 2. To seek out problems in the PP&PO Systems; 3. To improve the PP&PO Systems 
based on investigations and experiments.  
After a series of research presented in this dissertation, we hope the parking environment 
will be improved for disabled people and,   
1) More and more residents will recognize and know the importance of handicapped parking 
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spaces for individuals with disabilities;  
2) The rate of violation by able-bodied drivers will decrease by self-sanctions and social 
sanctions;  
3) Both of severely and mildly disabled people can park in handicap spaces more easily by 
adding the number of handicapped parking spots;  
4) The handicapped parking system in Saga will be successfully implemented and can be a 
model from which other countries can learn from.  
 
1.3 Literature Review  
With the development of social welfare and the demand of movement by the disabled, more and 
more countries focus on the mobility and access for disabled. The handicapped parking becomes 
one of important parts in traffic system for disabled. The social welfare system for the disabled 
becomes established since the Americans with Disabilities Act (ADA) has been introduced. 
Then, researchers in the world start to study and try to improve the handicapped parking. The 
literatures in overseas and Japan are described as follow in 1.3.1 and 1.3.2. 
 
1.3.1 Overseas 
According to the theory of Planning for Crime Prevention (12), there are three major sources of 
restraint to prevent the violations: the self sanctions, social sanctions and legal sanctions. In 
order to protect the disabled parking at handicapped spaces, many researchers discussed which 
one is best way to resolve the parking problem with others in public. Caroll believes the payoffs 
of crimes give greater weight to the prospect of success than to the likelihood of getting caught 
(13).  Tittle claims the likelihood of transgressive acts is better predicted by functional values 
of the behavior, moral standards, and fear of social censure than by fear of legal penalties. (14) 
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Tittle also considers that a crease of punishment as a method of controlling deviant 
behavior would seem to have more limits. (15) 
As for the reasons and factors about illegal handicapped parking, Michael and Paula 
analyze the social reasons for abuse in handicapped parking including selfish, lazy and 
inconsiderate. They also suggest methods of monitoring more about parking lots and tickets are 
given to disabled drivers to reduce the violation rate. (16) 
In an effort to reduce the illegal use of parking spaces reserved for people with 
disabilities, international researchers have investigated effects of signage (6), printed messages 
(7), fines (8), policing and enforcement on rate of violations (9). Fletcher documents the illegal 
parking in spaces reserved for people with disabilities and holds the view that violations of 
parking are dropped to 27.1% when message sign and vertical signs are added, based on some 
investigations in 1996. Furthermore, he analyzes some possible reasons for illegal parking by 
the able-bodied drivers, including that bad weather conditions, parking fine is low in exchange 
for a high level of reward and the motivation of ―everyone else does it‖ by violators, and so on. 
(17) 
Myron and Matthew describe the phenomenon of violation in handicapped parking spots 
and reasons for it. They hold the view that handicapped parking is an interval privilege but not a 
perpetual right. (18) 
Marusek explains the importance of handicapped parking spaces and insists the 
handicapped parking spaces should be reserved for persons who need these spots even after 
terrorist attacks of September 11, 2001. (19) 
Paul and James claim that the requirement of handicapped parking facilities should be 
2% of total spaces is inappropriate for a parking lot having only a few spaces. Then, they 
research and give the appropriate number of handicapped parking supply in every type of public 
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building that includes office, bank, restaurant, university and supermarket etc.. (20)  
Christopher and Brian establish a model based on the peak period occupancy rates being 
used to determine the recommended number of handicapped parking spaces in Auburn 
University. They use the peak period occupancy rate generates the proper number of spaces 
required to accommodate the demand. In additional, they also give some advice to prevent the 
violation in the college. (21) 
Through reviewing the literature in overseas, it indicts that the studies are detailed done 
by researchers. The research system on handicapped parking is preliminarily established, which 
has included many research fields.  
 
1.3.2 Domestic 
The literature of research on the appropriate number of handicapped parking spaces and the 
theory about handicapped violation prevention are seldom presented, compared to the western 
countries. However, with putting forward the concept of ‗social welfare‘ and development of 
‗social welfare‘ for disabled in Japan, some researchers start studying on handicapped parking in 
recent years. Nishidate, Mizuno and Tokuda did some research and investigation on the situation 
of use of handicapped parking in Japan. They documented the illegal parking and gave some 
suggestion for improvement of handicapped parking. Additionally, they established one model 
of disabled parking which is consideration of the control of inappropriate use in the year of 
2004 (22). After that, Nishidate, Mizuno & Tokuda give the advice about new design of 
handicapped facilities, including the width and design of ground marks, to improve parking 
environment (23). Finally, they made some suggestions about setting up some appropriate signs 
and messages in handicapped parking spaces to prevent able-bodied drivers to parking spots by 
psychology according to previous surveys (24). 
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Kiyota, Hayashida and Maeda did the survey of handicapped parking in one large 
popular shopping mall in Saga city. They pointed out the system of parking permit without 
penalty may not prevent the able-bodied from illegal parking well. Based on the results by 
observation at handicapped parking lots, it indicated the effect of parking permit system was not 
good as they expected. Furthermore, they made some advice for improvement of parking permit 
system. (1) 
In order to increase parking spaces for disabled, Kiyota, Hayashida and Maeda gave 
some suggestion about adding more handicapped parking spaces by sacrificing the generous 
width of the handicapped space, for those mild disabled people who do not really need that 
width. On the basis of physical parking and alighting experiment by volunteers of wheelchair 
users and other mildly disabled, it shows 3.25 m-wide handicapped parking space is enough for 
wheelchair users and mildly disabled and 3.00 m-wide spaces are fit for pregnant women, the 
elderly and those having some difficulties with parking. (1)  
After the handicapped parking system introduced in Saga prefecture, the region 
government had implemented the parking permit plus one action. There are some narrow 
handicapped parking spaces were set up in the parking lots nearby to the handicapped parking 
bays in the shopping mall only for mildly disabled people. Lu and Kiyota did the investigation 
on the effect of parking permit plus one action and got the results that the violations occurred in 
narrow handicapped parking spaces were much more than in 3.5m-wide standard spaces. It 
caused the mildly disabled people still had to park in wide handicapped parking spaces. 
Therefore, the effect of parking permit plus one action is not obvious. Additionally, one new 
conceptual parking system, which contains drop-off area, was presented by Lu and Kiyota as 
well. (25) 
Besides some investigations in Saga prefecture, other statistics of satisfaction upon 
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parking permit are made in other prefectures in Japan. The results of investigations in Hokkaido 
(26), Fukushima and Saitama prefectures (27) show the number of people who display the 
parking permits has been increasing and the most of elderly, pregnant women and other mildly 
disabled people agreed with the system of parking permit, while the severely disabled such as 
wheelchair and crutch users complained that they were unable to parking more than before 
because the number of users were increasing but handicapped parking spaces were not added 
meanwhile.  
 
1.4 Scope of Research and Outline of Dissertation  
This dissertation mainly researches on the effectiveness of handicapped parking system by 
observation and questionnaire surveys in a popular shopping mall after the system introduced. 
Based on the results of surveys, experiments and investigations have implemented in order to 
improve the current handicapped parking system. At the end, the proposed handicapped parking 
reconfiguration by reducing width of parking spaces and new conceptual parking permit 
including drop-off area are discussed according to results of study. However, there will not 
discuss about law or legislation on whether the handicapped parking system needs penalty. This 
problem may be focused on in the further study.  
There are seven chapters in the dissertation totally, which includes introduction, the main 
subject and conclusion. The content of every chapter is following: 
The first chapter explains the introduction of handicapped parking system in Saga 
Prefecture. After the forementioned background, objective and significance is introduced, the 
content of this dissertation will follow. In addition, the literature review about research method 
in Japan and other areas is presented in this chapter as well.  
The second chapter mainly discusses about the present state of handicapped parking 
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system in Japan and overseas. In this section, firstly, the law and legislation about handicapped 
parking in Japan are written. Secondly, it shows that the process of the parking permit system, 
which was firstly introduced in Saga Prefecture in the year of 2006. After 8 years, 30 prefectures 
have started participating in the handicapped parking system. Thirdly, the same points and 
differences in disabled parking systems between Kyoto Prefecture, Fukuoka Prefecture, Kagawa 
prefectures are described. The next stage is about parking system overseas. The legislation and 
permits of system in America, the European Union, United Kingdom, and some countries in 
Asia including South Korea and Singapore are discussed in detail. Additionally, the widths of 
handicapped parking spaces in different regions are mentioned as well.  
In the third chapter, the author will review and check the effect of handicapped parking 
system in Saga Prefecture after the PP and PO systems were introduced. The process and 
content of the PP system in Saga will be presented. Then, the observation and questionnaire 
surveys show there is little effect of PP&PO systems for severely disabled people. In the next 
stage, some basic data about population, elderly, and physically disabled people in Saga will be 
collected. Afterwards, the author predicts these basic data until the year of 2020 by logistic 
regression model and GM (1,1) model, and it proves that the handicapped parking for disabled 
people will become more difficult. The high ratio of ‗disabled people‘ who can apply for 
parking permits is the root problem in handicapped parking permit system.  Finally, other 
problems of the PP system in Saga will be mentioned.  
The fourth chapter mainly focuses on the effect and possibility of drop-off area in 
shopping malls. Firstly, this chapter talks about how to add more handicapped parking by 
sacrificing the width of the handicapped parking space, for those who do not really need that 
width. In this part, experiments about actual width of spaces for different types of disabled 
people will described and discussed. Then, the concept that disabled passengers are firstly 
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dropped off in the drop-off area by their able-bodied driver and consequently, handicapped 
spaces are used only for disabled drivers is discussed.   
The fifth chapter mainly researches on reconfiguration for handicapped parking system. 
The author will put forward the proposed handicapped parking reconfigurations, compared with 
the traditional handicapped parking reconfigurations. On the basis of mathematical equations 
mentioned and graphs shown, it is proven that proposed handicapped parking reconfiguration is 
much more efficient than the traditional way. In addition, the conceptual design for handicapped 
parking including drop-off area in a popular shopping mall is presented as well. 
In the sixth chapter, the experiments adding signage, message or permits to prevent 
able-bodied drivers from illegal parking will be mentioned. It proves illegal parking occurs 
frequently in places far from entrances and to which people would not pay attention to. Setting 
warning messages and vertical signs are an effective way to protect the handicapped parking 
spaces.  
The seventh chapter will summarize all achievement in handicapped parking system in 
Saga Prefecture. In addition, the future study will be mentioned in this chapter. 
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Definitions in the dissertation:  
Severely disabled people: Individuals with a severe visible disability, wheelchair users and 
those using crutches 
Mildly disabled people: Individuals with a mild visible disability, pregnant women, elderly and 
persons showing mild difficulty 
Seemingly able-bodied people: Persons who appeared to be able-bodied and did or did not 
display a parking permit 
The PP system: the handicapped parking identification card system in Saga Prefecture, which 
starts from 2006. 
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The PO system: the handicapped parking identification card system with Plus One action in 
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2. PRESENT STATE OF HANDICAPPED PARKING SYSTEM IN JAPAN AND 
OVERSEAS 
2.1 Domestic 
The Japanese government legislation has been mainly silent on policing aspects of handicapped 
parking although it has specified the minimum standards to be maintained by owners of traffic 
generators.  There are three relevant specifications that have legal status in Japan: (i) the width 
of handicapped parking spaces should be at least 3.5 m (1); (ii) handicapped parking space 
should be provided as close as possible to entrances of demand centers such as shopping malls 
(2); and (iii) the minimum required number of handicapped parking spaces is 2% of the number 
of total parking spaces when that total available space is equal to or less than 200, or 1% of the 
total parking spaces plus two when the 200 spaces threshold is exceeded (3). The parking permit 
system has been firstly introduced in Saga Prefecture since the year of 2006. After 8 years gone, 
31 prefectures have participated in the handicapped parking system. In additional, the parking 
permits are accepted and used by each prefecture which is described previously.  
a). Kyoto Prefecture is located in the center of island of Honshu in Japan, which is 4613 
km
2
 and has a population close to 2.6 million. The handicapped parking system named as 
‗Parking System for Disabled Considerately in Kyoto‘ has been implemented since 2011 (4). On 
the basis of  Kyoto government‘s website, the individuals with disabilities such as wheelchair 
users and crutch users, pregnant women, the elderly and those having mild trouble with walking 
are allowed to apply for parking permits. The parking permit in Kyoto is shown in Fig. 2-1. It is 
easy to distinguish the people who can apply for the permits and can park in handicapped 
parking spaces from the figure. Moreover, the handicapped parking spaces are adopted 




Fig. 2-1 Parking permit in Kyoto 
b). Fukuoka Prefecture is in Kyushu island which is west of Japan. There are about 5.07 
million people living in an  area of 4976.17 km
2
. From January 2012, Fukuoka Prefecture 
government formulated the handicapped parking system and named it as ‗Parking System for 
disabled people with sincerity in Fukuoka‘. (5) The individuals with disabilities such as 
wheelchair users and crutch users, pregnant women, the elderly and those having mild trouble 
with walking are allowed to apply for parking permits. There are three types of parking permits 
displayed in Fukuoka (shown as Fig. 2-2). Compared with permits in Kyoto, the permits in 
Fukuoka seem to be complicated.  The permits with green-color are applied by the elderly, 
mentally-handicapped and those having mild trouble with walking. The red-color one stands for 
drivers who use wheelchair. The pregnant women and people with temporary injuries will 
obtain the orange-color permits. The author guesses that the local government would like to 
show the importance of the severely disabled and protect them parking in the wide parking 
space. Therefore, parking system in Fukuoka differentiates among three types of disabled 
people, though it will probably confuse local residents because they cannot directly distinguish 




Fig. 2-2 Parking permits in Fukuoka 
c). Kagawa Prefecture is located in the north of the Shikoku Island in Japan. There are 
about 1 million residents in the area of 1876.55 km
2
. The regional government has implemented 
the handicapped parking system since 2011. Being similar with other prefectures, the scope of 
application includes the pregnant women, the elderly and those having mild trouble with 
walking. Consideration of the effect of handicapped parking system in other prefectures, the 
government stipulated rules such as 1) the permits will be withdrawn when permits are lent to 
the able-bodied; 2) only disabled people or those  with permits can park in handicapped 
spaces; 3) the severely disabled have the priority to park in 3.5m-wide space. (6) This is a 
process of continuous improvement for the parking permit system because other regions have 
not yet realized the shortcomings of a parking system without penalty  or they have realized it, 
but did not list on their official website. However, these rules have no enforceability so  the 
effect is not very obvious. The parking permit in Kagawa prefecture is shown in Fig. 2-3, and its 
design is quite similar with the permits in Kyoto. There are two types of handicapped parking 




Fig. 2-3 Parking permit in Kagawa 
 
2.2 Overseas  
The regulation framework in Japan is limited and simple if we compared them to overseas 
examples such as the Americans with Disabilities Act (7). Additionally, the differences of 
handicapped parking system between Japan and overseas are mainly shown in the fields of 
legislation with penalty and the size of handicapped parking spaces.  
 
2.2.1 Legislation and Permits  
When it comes to handicapped parking systems and parking permits (tags or placards) overseas, 
there are some differences between Japan and other counties. The parking permit in America is 
quite easy to identify for its bright color. Fig. 2-4 shows the handicapped parking permits in 
Florida State. The red tag is a temporary permit. The permanent or long-term disabled parking 
permit (the blue tag shown in Fig. 2-4) must be signed by the applicant and a physician, 
podiatric physician, optometrist, advanced registered nurse practitioner, or physician assistant. 
Different from Japan, it is the mobility impaired persons that are eligible for handicapped 
parking permits in the USA although there are ongoing discussions about extending the facility 
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to pregnant women in some jurisdictions. If a violation of disabled parking is detected, violators 
receive fines in the range of US$ 100 to US$ 500. There is no uniformity of these rules among 
different states. (8) 
  
Fig.2-4 Parking permit in Florida State, USA Fig.2-5 Parking permit in European Union 
The European Union has also adopted handicapped parking permit system with strict 
punishment regimes for illegal use by able-bodied drivers. Violators pay a minimum of 80 
Euros (about US$ 110) in fines for using a handicapped parking space. Moreover, pregnant 
women, elderly and those having mild trouble with walking are generally ineligible for permits. 
An example of a European Union parking permit is shown in Fig. 2-5. The information for the 
individual with disability severity of disability is recorded on back of the permit. (9) 
The disabled parking permit is often referred to as a ‗badge‘ in documentations in United 
Kingdom, and although there are local differences, badge holders can park for up to three hours 
in areas marked by single or double yellow lines and without a time limit restriction in areas 
controlled by parking meters and pay and display machines (9). These badges are available to 
those who are legally blind, receive above a specified level of the mobility component of 
Disability Living Allowance, or receive a War Pensioner‘s Mobility Supplement (10). These 
eligibility criteria are conceptually similar to those later adopted in Japan, where certain types of 
social welfare receivers are treated as disabled. In addition, the maximum of penalty in UK is 
about Pounds 1000 (US$ 1500). An example of the permit is shown in Fig. 2-6.  As in other 
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industrialized countries, information about the individual with disability is recorded on the 
permits. 
  
Fig.2-6  Parking permit in UK Fig.2-7  Parking permit in Korea 
In South Korea, the parking permit system is somewhat similar to Japan. Pregnant 
women, the elderly and those having mild difficulties with walking are allowed to park their 
vehicles in handicapped parking lots according to regulations. However, there is a difference: in 
South Korea a strict penalty system is applied for violations. Violators are fined about WON 
100,000 (about US$90). A lesser fine (between US$ 9 and US$ 27) is applied for illegal bicycle 
parking. Furthermore, an extremely punitive treatment is applied for fake permits. The fine is 
more than 10 times for illegal use of disabled parking space. Fig. 2-7 shows the example of a 
handicapped parking permit in South Korea. (11) 
In Singapore, the organization of Centre for Enabled Living (CEL) makes disability care 
program accessible by centralizing referrals and matching the specific needs of individuals to 
the appropriate services. CEL manages a system known as the Car Park Label Scheme for 
persons with physical disabilities. This system does not cover pregnant women and the elderly. 
Moreover, Class 1 Label (example shown in Fig. 2-8) is only issued to disabled drivers. Car 
Park Label Scheme is strictly policed. Violators receive a minimum fine of SGD$ 50 (about 






Fig.2-8 Parking permit in Singapore 
 
2.2.2 Minimum Space Standards for Handicapped Parking 
Legislations for disabled parking in Japan, the minimum width of handicapped parking spaces is 
specified as 3.50 m. As shown in Table 2-1, the value adopted in Japan is one of the lowest 
among the countries investigated during the literature review.  The minimum allowable width 
of alighting spaces is 1.40 m to provide sufficient room for wheelchairs to be turned around by 
disabled persons or caregivers (13). It may be speculated that these low values have resulted 
because of the relatively small size of majority of vehicles (14) and body size of individuals in Japan 
(15). An attempt made to uncover documentation that cover historical reasons for the genesis of the 
current standards in relation to disabled parking has been unsuccessful. Similarly, technical literature 
in Japan has not made a strict ruling on the length dimension although many countries have specified 
the minimum length for the disabled parking space. 
The Americans with Disabilities Act (ADA) stipulations are relatively more detailed. 
This act even specifies blue as the color that can be used for disabled parking space markers. 
Minimum width for such spaces is specified as 3.96 m (156 in) and the length is specified as 
5.79 m (228in), thereby providing the longest parking space dimensions observed during the 
literature survey of worldwide practice (13). The example is shown in Fig. 2-9. 
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The European Union adopted a minimum width of 3.6 m, value slightly greater than the 
one selected in Japan. However, the minimum specified for the width of alighting area is 1.2 m 
which is somewhat lower than the value adopted in Japan. It should be noted that the European 
Union standards allow for two adjacent handicapped parking spaces to share a single alighting 
area. The length of handicapped parking spaces in off-street facilities as specified in the 
European Union is 4.8 m.  This is the smallest minimum length dimension observed during the 
literature survey.  This value is shared by number of other countries as well as seen in Table 1, 
and it is almost one meter less than the corresponding value in the adopted in the USA. The 
minimum length of disabled parking spaces in street parking has been 6.6 m to allow for the 
disabled individuals to get off from the back of the vehicle (9). The example is shown in Fig. 
2-10. 
  
Fig. 2-9 Handicapped parking spaces in 
USA 
Fig. 2-10 Handicapped parking spaces in 
Europe  
The minimum dimensions in United Kingdom and the European Union are in agreement 
with each other.  In United Kingdom, off-street disabled parking bays have a minimum of 4.80 
m long and 2.40 m wide rectangular area allocated for the vehicle, along with an additional 1.20 
m wide boarding and alighting space allocated when the bays are marked perpendicularly to the 
access aisle. Additionally, it is allowable to configure two adjacent bays sharing a common 
boarding area from both sides (16). The example is shown in Fig. 2-11. 
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The widest minimum allowable alighting space for disabled parking has been reported in 
Australia and the narrowest has been reported from New Zealand as shown in the summary of 
the literature survey summarized in Table. 2-1.   As a result, the largest minimum space width 
for disabled parking is reported from Australia (17). New Zealand, South Korea (The example is 
shown in Fig. 2-12) and Japan are among countries that adopt the smallest value for the 
minimum allowable parking space width at 3.5 m. South Korean documentation indicates that 
width of the space specified is inclusive of the width of lane marking which can be interpreted 
to mean that the width per parking space can be slightly less than the minimum 3.5 m specified 
depending on the width of paint mark (18).   
  
Fig. 2-11 Handicapped parking spaces in UK Fig. 2-12 Handicapped parking spaces in 
Korea 
The specifications for handicapped parking in Singapore mention not only the 
dimensions but also details for the size of signs and symbols. The need for firm and level 
surface with adequate lighting and shelter are also mentioned.  Furthermore, these standards 
prohibit the use aeration slabs that can impede the wheelchair movement (19). The example 




Fig. 2-13 Handicapped parking spaces in Singapore 
Table 2-1 Minimum space standards for handicapped parking  
Country or Area Width(m) Alighting space(m) Length(m) Comments 
USA 3.96 1.52 5.79 Larger value in Width and Length 
European Union 3.60 1.20 4.80  
United Kingdom 3.60 1.20 4.80  
Australia 4.80 2.40 5.40 Larger value in Width and Length 
New Zealand 3.50 1.10 5.00 Small value in Width 
South Korea 3.50 Unspecified 5.00 Small value in Width 
Singapore 3.60 Unspecified 4.80  
Japan 3.50 1.40 Unspecified Small value in Width 
Specifications sources:  
1)2010 ADA Standards for Accessible Design; 2)The Condition of Parking Spaces Reserved for People with 
Disabilities in Countries that Adopted EU Model Parking Card; 3)Parking for Disabled People; 4)Parking Facilities 
Draft Australian/New Zealand Standard Parking facilities; 5)Guide to South Korea Disabled Vehicle Parking; 6)Code 
on Accessibility in the Built Environment 2007; 7)Guidelines for development of smooth movement on the road. 
 
2.3 Conclusions of Chapter 2 
Chapter 2 summarizes the rules of the parking permit system and widths of handicapped 
parking spaces in Japan and overseas. Compared to the parking permit system overseas, there 
are two noticeable differences between Japan and most other countries. Firstly, the Japanese 
government carries out the handicapped parking permit with no punishment for improper use by 
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able-bodied drivers. Secondly, the government has expanded the scope of application, by 
including pregnant women, the elderly and those having mild difficulties with walking.  Both 
above properties may degrade the parking availability for the severely disabled motorists. 
Additionally, as for the size of handicapped space, dimension of handicapped parking spaces is 
smaller than other western countries. The law for handicapped parking space is not sufficient, 
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3. THE EFFECT OF TRADITIONAL HANDICAPPED PARKING SYSTEM AND ROOT 
PROBLEM 
3.1 Content of Handicapped Parking System in Saga 
On July 29, 2006, Saga prefecture introduced the first formal identification card system (a 
parking permit system known as the PP system) for disabled users of vehicles to permit such 
users to occupy handicapped parking spaces.  This system classified disabilities according to 
length of validity into two categories while broadening the definition of ‗disabled person‘ to 
include non-visible disabilities, intellectual disabilities and temporary incapacitations.  The 
color of the permit conveyed the length of validity although many locals have come to associate 
the color with the severity of disability. In addition, pregnant women, the elderly and those 
having mild trouble with walking are allowed to apply for parking permits as well. (1) 
The regional government approached owners of shopping malls and hotels and reached 
an agreement on the operation of handicapped parking spaces that would be provided by 
operators within their premises.  Such an agreement was necessary because the regional 
government does not have the legal authority to make unilateral decisions related to private 
properties. Then, the regional government explained to residents the reasons why they did not 
take penalty measures to protect individuals with disability. (2) The main reasons were: an 
appreciation of resistance of the general public to a penalty system; difficulty to implement the 
penalty system only in one region instead of whole Japan; and the high cost of implementing a 
penalty system. Authors believe other reasons were also present, such as: the objections from 
shopping mall and hotel owners who do not want to offend or discourage the able-bodied 
customers with a penalty system that maybe perceived as an additional access cost; and a 
possible deterioration of community harmony as a result of conflicts between drivers who are 
fined and vigilant neighbors. For these reasons, the handicapped parking proceeded in a gentle 
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way to prevent the able-bodied parking. Although above community consultation measures 
were carried out, there was no predictive analysis or investigation for handicapped parking 
spaces in Saga prior to implementation of the PP system (1). 
The health and welfare division of Saga (3) provides the complete list of disabilities 
acceptable for use of handicapped parking. The list of accepted disabilities goes beyond the 
traditional visible impairments. It includes impairments such as deafness, vision problems and 
vocal disorders. Heart problems, neurological ailments and HIV (human immunodeficiency 
virus) infections are also specifically mentioned. Intellectual disabilities are also included in the 
list. Temporary incapacitations are also covered bringing pregnancy and sporting injuries into 
the definition of disabled for the purpose of eligibility for a parking permit. 
These disabilities were defined detailedly as follow. 
a. Physically handicapped persons, including: 1) Visual disorder (above Level 4); 2) 
Hearing disorder or dysequilibrium(above Level 5); 3) Speaking functional disorder; 4) Cripple; 
5) Deteriorating neurologic; 6) Pulmonary or heart disease etc. (above Level 4); 7) Infection by 
the human immunodeficiency virus 
b. Pregnant women (from 7 months after pregnancy until 3 months after postpartum 
period) 
c. A crutch, walker or wheelchair for temporary injuries 
d. Elderly (above nursing care Level 1) 
e. Person with intractable disease 
f. Mentally-handicapped persons (3) 
Traditionally, the disabled people in Japan used to leave a government document in the 
form of a booklet to indicate that they are in receipt of some kind of disability benefit.  This 
was a voluntary arrangement and relied on definitions of other agencies.   
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The disabled individual needs to mail an application with relevant information to receive 
a permit. The application form has to be supported by a medical practitioner who can detail the 
relevant symptoms and assessments (3).   
There are two types of handicapped parking spaces in Saga prefecture. One is 3.5m-wide 
spaces (PP space) for wheelchair users as mentioned earlier. The minimum allowable width of 
alighting spaces is 1.40 m to provide sufficient room for wheelchairs to be turned around by 
disabled persons or caregivers. It may be speculated that these low values have resulted because 
of the relatively small size of majority of vehicles and body size of individuals in Japan. The 
other is 2.50~2.75m wide (PO parking space) for mildly disabled people. Fig. 3-1 and Fig. 3-2 
show these types of handicapped parking bays in shopping malls in Saga. (4) 
  
Fig. 3-1 3.5m-wide PP parking space Fig. 3-2 2.5~2.70m-wide PO parking space 
 
3.2 The Effect of Traditional Handicapped Parking System 
The previous research work is based on an observation study within the parking structure of a 
popular shopping complex known as the ―J‖ mall in Saga City from the year of 2006. This 
shopping mall is the first large private industry to support the PP system in Saga prefecture. The 
survey records the start and end times of the parking duration for three separate areas where 
handicapped parking has been provided. This field survey reported here was carried out for an 
8-hour duration from 10:00 am to 18:00 pm.  This is part of a sequence of annual parking 
34 
 
surveys carried out every September after the PP system was introduced. The data collection has 
been carried out on a Sunday to enable comparison with previous data. The weather is relatively 
fine on the day of the survey.  
The distribution of the 11 PP spaces (light blue squares) observed is shown in Fig. 3-3; 
P1~P5 are PO handicapped parking spaces (orange squares) which are 2.5m-wide spaces only 
for pregnant women and these having trouble with walking since 2008 when the parking permit 
action plus one implemented. The shopping center has 2000 regular parking spaces and 
therefore obliged to provide at least 22 spaces for handicapped parking. The center has 
exceeded this requirement and has 27 such spaces.  The eleven PP and five PO spaces selected 
for the observation study are the ones near shop entrances and the ones in demand according to 
a reconnaissance visit to the mall.   
 
Fig. 3-3 Handicapped parking spaces observed 
Handicapped parking lot A on the first floor is the nearest as well as the most convenient 
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one in relation to the mall entrance. The number of parking spaces in the lot B is smaller, but it 
is also close to an entrance to the mall. Handicapped parking lot C is somewhat distant from 
entrances and is on the third floor. This is the least convenient parking area among the three 
areas considered. This area is less illuminated and has a high concentration of vehicle fumes. 
Though less convenient, the possibility of finding empty parking spaces and the proportion of 
severely disabled people using it is relatively high with this parking lot. 
Two trained observers were allocated to each set of adjoining parking spaces shown in 
Fig. 3-8 (in total 8 observers).  Observers were positioned away from the parking lot in an 
unobtrusive manner to avoid influencing the parking behavior of vehicle owners during the 
survey period. They recorded information on paper about the apparent severity of disability of 
drivers and passengers, time of alighting vehicle, time of departure of the vehicle and the type of 
the parking permits or other proof displayed. For coding purpose, three numerals were adopted 
to classify users. Individuals with a severe visible disability, wheelchair users and those using 
crutches were recorded as code 1.  Pregnant women, elderly and persons showing mild 
difficulty were assigned code 2.  Persons who appeared to be able-bodied and did or did not 
display a parking permit were indicated by code 3. Persons who appeared to be able-bodied and 
did not display a parking permit were recorded as code 4. The possibility that able-bodied person has 
borrowed a permit from other individuals with disabilities is high because information about 
disabilities is not recorded on the permit. Code 3 could be such a situation. In addition, disabled 
people are not legally required to display permits as mentioned in section 2. Therefore, code 4 
category, who are seemingly able-bodied and did not display a parking permit, can sometimes have a 
genuine reason such as a temporary or non-visible difficulty (such as a pain or breathing difficulties).  
Henceforth, persons indicated by codes 3 and 4 are called ‗seemingly able-bodied‘. It is 





3.2.1 The Period of Parking Permit  
Fig. 3-4 indicates occupancy periods of handicapped parking spaces in the three handicapped 
parking lots. During the period of the PP system, 2.5m-wide PO spaces have not introduced. 
Therefore, the horizontal axis stands for the 11 handicapped parking spaces (PP) and the vertical 
axis indicates 10-minutes increments from 10am to 18pm. It also records handicapped parking 
occupancy when one parking spot is parked more than five minutes (i.e. 50% of the period of 
cell length). Although the cell length of 5-minutes would be more accurate, it was not included 
here to save space. Additionally, the way of 10-minutes increments could be accepted because 
the deviation between 5-minutes increments and 10-minutes increments is not much different, 
according to the results that both ways have been calculated. 
The code for person characteristic of the handicapped car space users are shown as a 
number code in Fig. 3-4. The code appearance is highlighted using a half tone shading scheme.  
The coding system is as follows: Code 1 with red-color: Severely disabled people, such as 
drivers and passengers who are wheelchair users; Code 2: Mild disability including elderly and 
pregnant women; Code 3 with orange-color: Persons who appeared to be able-bodied but 
displayed the parking permit; Code 4 with yellow-color: persons who appeared to be 
able-bodied and who do not display any documented evidence. The figures with circle mean the 
user of the space changed during that cell period to a new user of the same type.  In the 
example presented, there are two such occurrences in relation to bay 7, once at 1 pm and the 
next such event at 2 pm.  It is now possible to estimate when the handicapped parking lot 
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Fig. 3-4 Usage periods of handicapped parking spaces in the PP system 
Fig. 3-4 shows that from 10:30 am, over 75% of the lot A was occupied (in other words, 
4 out of 5 spaces were taken). It was completely full from 11 am with some spaces becoming 
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available at times. Handicapped lot B became full at 11:15 am and Handicapped lot C was full 
from 1:40 to 2:15 pm and then from 3 to 4 pm.       
During periods of full occupancy of the parking lot, some cars occupying the lot 
belonged to mildly disabled individuals. It can be also seen that there are potential abuse of this 
facility by able-bodied individuals during those periods when all spaces are occupied. Cells with 
lightest shades indicating user type 3 and 4 show violation events by the seemingly able-bodied 
individuals.  
Further analysis has shown that parking lot A was full for 125 minutes out of 480 
minutes (26.0% of the observation period). In other words, a disabled person may not have a 
space available in the lot A to park for about 0.25 of the time. Handicapped parking lot B was 
full for 300 minutes indicating 0.6 probability of not being able to find parking there for 
disabled persons. In contrast, parking lot C was full only for 25 minutes indicating availability 
of a vacant space for most of the time. The number of disabled using the parking lot C was 
small, probably because it was less convenient in relation to the Mall entrance. It is logical to 
anticipate the disabled is not willing to choose handicapped facilities which are distant from the 
building entrance and have an unpleasant parking environment. 
There is a contribution by vehicle users of mild disabilities also to the non-availability of 
parking for those with severe disabilities.  In the absence of an able-bodied vehicle user 
occupying the space, the parking lot A was still full, for 37 minutes, with some space taken by 
mildly disabled persons. However, as a percentage of the total observation period this is a low 
7.8%. Although use of facility by mildly disabled has denied availability for a person with 
severe disability, this is not yet a serious problem in lot A. In lot B, the corresponding time 
period when mildly disabled were causing potential overflow without any violations by 
able-bodied users of vehicles was 267 minutes. This is about 55.6% of the observation period 
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and there is some cause for concern here, unlike in lot A.  
 
3.2.2 The Period of Parking Permit Plus One Action 
Fig. 3-5 indicates occupancy periods of handicapped parking spaces in the three PP 
handicapped parking lots and PO handicapped parking lots (PO System). The horizontal axis 
stands for the 16 handicapped parking spaces and the vertical axis indicates 10-minutes 
increments from 10am to 18pm as mentioned at the beginning of the previous section.  
The codes and shapes for person characteristic of the disabled car space users are shown 
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Fig. 3-5 Usage periods of handicapped parking spaces in the PO system 
Fig. 3-5 shows that from 10:50 am, over 75% of the lot A was occupied. The parking 
ratio by mildly disabled including pregnant women, the elderly and people having some 
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difficulty with walking is about 80%. The violations are not occurred frequently in these spots. 
However, the illegal parking by the able-bodied occurred much in parking lot B and C. On the 
whole, the parking chance for severely disabled in PP spaces is not as much as the authors 
expected. On the other hand, the effect of PO handicapped spaces where are supported to park 
for mildly disabled are occupied by able-bodied drivers is not obvious. During periods of full 
occupancy of the PO parking lot, it is noteworthy that the ratio of violation by able-bodied is 
50%. The behavior by violators leads to the mildly disabled have to park at wide PP 
handicapped parking spaces. Then, it can be understood why severely disabled still are unable to 
park at handicapped parking spaces.  In fact, the parking environment seems to be worse (the 
opportunities for wheelchair users are fewer) since PO parking spaces were introduced, 
compared to the PP system.   
 
3.2.3 User Perception 
This project involved a survey of user perceptions to understand feelings about the usefulness of 
the PP system from the viewpoint of honest users of handicapped spaces.  For this purpose, a 
short questionnaire was prepared and delivered to individuals with visually identifiable 
disabilities.  There were three questions related to the analysis presented here in this survey.  
These questions focused on: (i) General availability of handicapped parking when the 
respondent arrives at the mall; (ii) Perception of level of improvement provided by introduction 
of the PP system; and (iii) Perception of respondents in which factors for parking and alighting 
in popular shopping malls are significant for them. 
Eighty questionnaire forms for the questions (i) and (ii) were placed in mailboxes of 
potential subjects seen to be either wheelchair users or walking with the aid of crutches. The 
survey sample was selected from members of the Saga branch of an association for patients with 
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spinal injuries in Japan. 49 (i.e. response rate of 61%) completed questionnaires were returned. 
Simple analysis of the first question above showed that 70% of respondents were wheelchair 
users. The remaining 30% needed crutches or similar implements to assist steadiness in standing 
and walking.   
The questions about availability of parking were posed with a structure for an answer 
according to a degree of difficulty. There were three options of answers to the question about 
respondent experience about the availability of a handicapped space when he or she arrived at 
the shopping mall: (i) ―Almost always‖ (ii) ―Some of the time‖, or (iii) ―Almost never‖. These 
responses correspond to the status of the car park being viewed as (i) Rarely full (ii) Sometimes 
full or (iii) Often full, respectively. Fig. 3-6 shows the distribution of responses for this question 
which indicates that about 45% of respondents view the car park as ‗rarely full‘ (4).  On the 
other hand, the remaining 55% has a less than positive experience about the space availability 












The second question revealed the perception about the level of improvement provided by 
introduction of the PP system. What is important to the user in this situation is the ease of 
finding an appropriate parking space as already considered in the previous question. There were 
four possible answers to select from: (i) Became worse; (ii) Felt no change; (iii) Became 
somewhat better; and (iv) Became much better. Fig. 3-7 presents the breakdown of responses 
separately for users of wheelchairs and other aids.  Adding the last two response options in the 
figure shows that about 40% of wheelchair users felt the parking system became relatively easy 
after the implementation of the PP system. About 20% of wheelchair users thought there was no 
change. It is noteworthy that about 40% of this type of disabled respondents believed it has 
become worse after the introduction of the PP system. However, only 18% of non-wheelchair 
users believed the parking system became worse. This category of disabled are much satisfied 
with the introduction of the PP system as can be seen by adding the last two response categories 
which shows that about 73% of such respondents have stated that the PP system has resulted in 
an improvement. This high level of satisfaction by crutch users and low satisfaction of 
wheelchair users provide an insight to the thinking pattern of these two types of disabled. 
Indeed the wheelchair users are now inconvenienced as the population of disabled using 















Wheelchair users Users of other mobility aids 
such as cruches
Became much better Became somewhat better
Felt no change Became worse
 
Fig. 3-7 Percentage breakdown of user perception about the degree of improvement since 
introduction of the PP system 
 
3.2.4 Analysis and Summary 
On the basis of previous investigation of parking permit system, now we can analyze the effect 
on the PP and PO system respectively. Fig. 3-8 shows the ratio of quantities of severely, mildly 
disabled and seemingly able-bodied in PP parking spaces during period of the PO system 
implemented. After the PP system implemented 3 months, the ratio of parked by seemingly 
able-bodied people (type 3 and 4) is 31.2%, while the ratio of their illegally using declines by 
one quarter of the total number after PP System implemented 2 years. The ratio of mildly 
disabled people is up to 60.0%, while the ratio of severely disabled people is declined to 14.0%.  
That is to say, through PP system, confliction between able-bodied and severely disable is 
changed to among in severely disable, mildly disabled and able-bodied, though the able-bodied 
drivers decreased. Then, after PO implemented for 8 months, the percentage of able-bodied 
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people continues to decline to 21.8%, but the percentage of mildly disabled people still remains 
at level of 58.2%. That means violations in PP parking spaces are reduced, while confliction 
between mildly and severely disable remains unresolved. However, after PO implemented for 
2 years and 4 months, the ratio of violation increases to 57.7% (type 3 and 4). The percentage of 
severely disabled people is declined to 7.7% which is lowest value in five years of PP & PO 
system implemented.   
24.4
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Fig. 3-8 The ratio of quantities of Severely, Mildly Disabled and Seemingly Able-Bodied in 
PP parking space 
Fig. 3-9 shows the ratio of time that is taken by severely, mildly disabled and seemingly 
able-bodied in PP parking spaces after PO system implemented. The percentage of seemingly 
able-bodied people (type 3 and 4) is declined from 34.3% to 17.7%, though the ratio of severely 
disabled people is also reduced from 23.9% to 15.7%. Moreover, 66.6% of parking time is taken 
up by mildly disabled people. Then, after PO system implemented, there is still mutual 
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interference between severely and mildly disabled. The percentages of two of them are 18.9% 
and 62.7% respectively. Severely disabled people are unable to enjoy their parking privilege 
well after PO system implemented. However, after PO implemented for 2 years and 3 months, 
38.8% in all usage time is taken by seemingly able-bodied people, while the percentage of 
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Fig. 3-9 the ratio of time taken by Severely, Mildly Disabled and Seemingly Able-Bodied in 
PP parking space 
From Fig. 3-8 and Fig. 3-9, it seems to prove that the PP system can decline able-bodied 
driver‘s improper parking behavior and help mildly disabled people park easier. However, the 
new mutual interference between severely and mildly disabled is occurred in that time. The 
purpose of the PO system is to make mildly disabled people convert from PP parking spaces to 
PO parking space, thus avoiding interference between severely and mildly disabled and 
improving the parking environment for the severely disabled. Nevertheless, the effect is limited 
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at the beginning of PO system implemented because mildly disabled people were still utilizing 
the PP spaces. Until this period, the authors believe PO system will improve the environment of 
handicapped parking because improper behavior of able-bodied people was restricted. However, 
after the PO system has implemented for 2 years, the violations by able-bodied are occurred 
much more serious than before. Fig. 3-8 indicates that severely disabled cannot obtain any 
opportunities to park because of abuse by able-bodied people and influence from mildly 
disabled people after PO system implemented.  
On the other hand, the Fig. 3-10 indicates the ratio of quantities of severely, mildly 
disabled and seemingly able-bodied people in PO parking spaces during PO system 
implemented. The results show that there are 57.2% violators may park their vehicles in PO 
parking spaces and only 37.1% mildly people are able to obtain privilege to use these spots. In 
addition, 5.7% severely disabled people have to park in these spots because PP parking spaces 
are fully parked. Then after the PO system implemented 2 years and 3 months, the ratio of 
violation increases to 62.2%, while the percentage of mildly disabled people is declined to 
35.1%. Finally, at the recent survey, the percentage of able-bodied people goes up rapidly, 
reaching 81.8%. Because of the large number of violations, the ratio of mildly disabled people 
goes down to 18.2%. The Fig. 3-10 also indicates that the violations by able-bodied occurred in 




Fig. 3-10 The ratio of quantities of Severely, Mildly Disabled and Seemingly Able-Bodied 
in PO parking space 
The Fig. 3-11 shows the ratio of parking time taken by severely, mildly disabled and 
seemingly able-bodied in PO parking spaces. The percentage of parking time taken by mildly 
disabled people in PO parking spaces is 47.9%, while the ratio of violation is as high as them. 
Then, the violations increase by 26.7% and the figure reaches to 73.3% in the period of PO 
system implemented for 2 years and 3 months. However, different from quantities in PO system 
2 years and 4 months as Fig. 3-10 shown, the parking time of able-bodied people is declined to 
68.3% from 73.3%. It is precisely because they go shopping faster than mildly disabled people 
in the mall and leave parking lots quickly. Then mildly disabled people are able to obtain much 
more time to park. On the basis of Fig. 3-10 and Fig. 3-11, these also mean the effect of the PO 
system without penalty is limited to a large extent because of improper parking behavior by 




Fig. 3-11 the ratio of time taken by Severely, Mildly Disabled and Seemingly Able-Bodied 
in PO parking space 
 
3.3 Root Problem 
The root problem in handicapped parking system is increasingly number of applicants year by 
year. The requirement of handicapped parking spaces becomes large and is related closely with 
the population, the percentage of disabled people in total population and the percentage of other 
people who can apply for parking permits in total population. The author attempt to find data on 
the official web and figured out these data in the future years. On the basis of these data, it can 
help us judge whether the ratio of handicapped parking space is appropriate or not in the present 
system. If the percentage of disabled people changes, the ratio of handicapped parking bays 
should alter correspondingly. 
 
3.3.1 Basic Data 
a) The population in Saga Prefecture 
The population in Saga Prefecture has been continuously decreasing in the past 10 years. 
50 
 
The population in Saga Prefecture is counted from 2005 to 2013 as Table 3-1 shows:  
Table 3-1 The change of population in Saga Prefecture (5) 
Year 2005 2006 2007 2008 2009 
The population 866,835 862,547 859,205 855,676 852,825 
      
Year 2010 2011 2012 2013 2014 
The population 849,980 846,922 843,505 839,508 — 
 
b) The number of disabled people 
According to the definition of disabled in Saga Prefecture, the disabled people include 
physical body disabled, person with intractable disease and mentally-handicapped persons. The 
number of disabled people who have the proofs from Saga welfare center is counted in this 














 Table 3-2 The number of disabled people in Saga Prefecture (6) 
Year 2005 2006 2007 2008 2009 
Physical body disabled — — 38,163 38,947 39,180 
Intractable disease — — 6,384 6,653 6,865 
Mentally-handicapped — — 1,687 2,061 2,409 
In total — — 46,234 47,661 48,454 
      
Year 2010 2011 2012 2013 2014 
Physical body disabled 41,776 41,919 42,244 — — 
Intractable disease 7,679 7,889 8,070 — — 
Mentally-handicapped 3,074 3,229 3,620 — — 
In total 52,529 53,037 53,934 — — 
(—): data is not able to be found. 
c) The number of elderly and others  
The definition of elderly is people whose age is more than 65 in Japan. The problem of 
aging becomes more and more serious in Japan. The average ratio of aging will go up to 25% in 
2020 based on predict by some researchers. (7)  However, according to the handicapped 
parking system, the elderly can apply for the permits as well. The number of people can park at 
wide spaces will increase rapidly. This will cause much conflict between severely disabled and 
other persons who have parking privilege. The number of the elderly in the past few years in 






Table 3-3 The number of elderly in Saga Prefecture (8) 
Year 2005 2006 2007 2008 2009 
The elderly 196,108 199,562 202,867 205,075 208,350 
      
Year 2010 2011 2012 2013 2014 
The elderly 208,096 208,322 208,532 — — 
(—): data is not able to be found. 
The number of pregnant women in Saga prefecture per year is not shown in the 
dissertation because it is difficult to find the data. However, we can estimate it by the 
approximate number of pregnant women applied for permits in section 3.3. If it can be accepted, 
there are around 300~500 pregnant women that have applied for permits every year, though the 
actual number of pregnant women would much greater than the number by counted. 
d) The percentage of population who can use handicapped parking spaces  
According to the data previously described, it can be approximately calculated by the 
potential percentage of people who can apply for parking permits. For example, in 2012, the 
total population in Saga prefecture is 843,505. (9) The number of individual with disabilities is 
53,934. (10) The elderly is 208,322. (11) Then we can get the percentage of disabled is 6.4% 
and 24.7% is for elderly. The estimation is further complicated because disable parking permits 
are also available to other individuals such as pregnant women and those having temporary 
difficulties due to injuries and accidents. Nonetheless, it is reasonable to consider that between 
25%-30% of the population is eligible to use handicapped parking spaces. 
 
3.3.2 Predict Data 
On the basis of data described in previous section, now we can predict the population, the 
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number of disabled, elderly etc.. In this thesis, the methods for predict utilized are logistic 
regression model and GM (1,1) model (12). Particularly, the GM (1,1) model is widely utilized 
in statistics nowadays. The introduction of GM (1,1) will be elaborated in the section of 
appendices.  In 3.2.1, only the results of predict are demonstrated. 
a) the predict result of logistic regression model 
The results and figures are shown in Table 3-4, Fig. 3-12, 3-13, 3-14, 3-15, 3-16 and 3-17. 
 
Table 3-4 Results of Calculation of Regression and GM (1,1) model  













 - 82856x + 9E+07 0.997 819000 
817580 
y = -7E+0ln(x) + 5E+07 0.997 816000 
y = -3278.x + 7E+06 0.997 817000 





 + 19145x - 2E+08 0.903 45800 
48501 
a=-0.02, b=37668.2 1.15% 51203 
Intractable 
disease 
y = 74363ln(x) - 6E+06 0.951 10300 
11344 
a=-0.05, b=6187.9 1.89% 12389 
Mentally-handi
capped 
y = 79428ln(x) - 6E+06 0.982 6800 
7100 
a=-0.13, b=1794 3.61% 10782 





 + 27367x - 3E+08 0.939 62100 
66659 
a=-0.03, b=45446 1.33% 71218 
The elderly 
Growth Curve (S) 0.93 209000 
210000 




Fig. 3-12 The trend of change of population by logistic regression model 
 
Fig. 3-13 The trend of change of population by GM(1,1) model 
From the Table 3-4 and Fig. 3-12 and 3-13, we can get the conclusion that the population 
in Saga Prefecture has been decreasing year by year and that the trend will last until 2020. The 
probable reasons are that 1) young people look for jobs in big cities such as Tokyo, Osaka and 
Fukuoka; 2) the fertility rate is low in Japan; 3) original elderly population is large. Based on 
the predict of Regression and GM (1,1) model, the population in Saga Prefecture will decline to 
817,000 in the year of 2020, which has decreased around 20 thousand when it is compared with 
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the year of 2013.  
 
Fig. 3-14 The trend of change of the disabled by logistic regression model 
 
Fig. 3-15 The trend of change of the disabled by GM(1,1) model 
Fig. 3-14 and Fig. 3-15, which respectively stand for Regression and GM (1,1) model, 
show the number of physical body disabled, people with intractable disease, mentally 
handicapped and total number of them. Except trends of people with intractable disease and  
the increasing trend of mentally handicapped, the number of physical body disabled predicted 
increases in GM (1,1) and Regression model are different. Physical body disabled increases in 
GM (1,1), while it decreases in Regression model. It is a little difficult to predict the trend of it 
56 
 
because of the limited amount of data which can be found on the government website. Then, the 
authors choose the  average of the data with both models and then modify the data to be 
reasonable. Therefore, the final predict data is calculated as 48,501 for physical body disabled, 
11,344 for people with intractable disease, and 7,100 for mentally handicapped people in the 
year of 2020. 
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Fig. 3-17 The trend of change of the elderly by GM(1,1) model 
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Fig. 3-16 and Fig. 3-17 indicate the trends of population of elderly in Saga Prefecture 
until 2020. The authors believe the Regression model reflects the trend better than GM (1,1) 
because it is impossible that the population of elderly increases continuously. Thus, it is logical 
to figure that 210,000 people will be elderly by 2020 in the Saga region as Fig. 3-16 shows.  
From the predicted data, we can see the trend of population in Saga decrease. On the 
other hand, the number of disabled increases more or less. Consequentially, the ratio of disabled 
people rises and as result, the shortage of handicapped parking spaces will be serious.  
 
3.3.3 Quantity of Parking Permit for Applicant 
Fig. 3-18 shows the progress of introduction of handicapped parking system in recent years. The 
number of parking facilities increases rapidly from 2008 to 2011 when the PO system was 
implemented. (13) It is valuable data because we will know the number of people who are with 
physical disabilities every year and understand the trend of them in recent year. It is noteworthy 
that the number of pregnant women and elderly goes up rapidly. Different from the number of 
disabled people counted per year, the number of injured people and pregnant women are 
accumulatively counted by government. About this, authors do not understand why temporary 
injured people and pregnant women are counted accumulatively as Fig. 3-18 shows. It is 
probable that the parking permits for injured people and pregnant women are not returned to 
welfare because there is not deposit in the system or any information recorded on the permits. 
From the Figure, it indicates the ratio of pregnant women and other mildly disabled is up to 
one-third and the ratio of severely disabled continually reduces year by year. Therefore, we can 
imagine that with the increasing number of permits supplied, the conflict between severe and 
mild disabilities will become more serious. The parking chances for severely disabled might be 





Fig. 3-18 Progress of introduction of handicapped parking system in recent years (13) 
Note: The number of permits for injured people and pregnant women is accumulatively  
recorded year by year. 
  
3.4 Other Problems 
Since the PP and PO systems have been introduced for 8 years, individual with invisible 
disabilities can park in handicapped parking spaces by displaying the parking permits (tags). To 
some extent, authors believed the permits displayed stopped some violations which occurred in 
handicapped spaces. However, as previous section 3.1 to 3.4 described, there are some problems 
that are still are not resolved after the PP and PO systems were introduced. For example, a) 
illegal parking still occurs in handicap spaces; b) the number of disabled parking spaces is at a 
shortage; c) parking conflict between severe and mild becomes more serious. These problems 





The regional government approached owners of shopping malls and hotels and reached an 
agreement on the operation of handicapped parking spaces that would be provided by operators 
within their premises.  Such an agreement was necessary because the regional government 
does not have the legal authority to make unilateral decisions related to private properties. The 
ratio of handicapped parking spaces keeps as 2% requirement mentioned. However, less than 
2% of handicapped parking spaces are probably set up in some markets or shopping malls 
because owners want more ordinary spaces for customers. The regional government has no 
measures to handle about it, even though they would like to improve the parking environment. 
The number of handicapped parking facilities increases in Saga year by year, but with the 
amount of individuals with disabilities, this can still not satisfy the requirement.  
Except for lacking the legal authority, other problems are not resolved as well. For 
example, though above community consultation measures were carried out, there was no 
predictive analysis or investigation for handicapped parking spaces by government in Saga prior 
to implementation of the PP system (1). Lack of data about the requirement for handicapped 
parking spaces and enlarged the scope of applicants by local government may lead to conflict 
between severe and mild.  
In addition, any information for the individual with severity of disability, including the 
name or address, is not recorded on back of the permit. Therefore, the possibility that an 
able-bodied person has borrowed a permit from other individuals with disabilities is very high. 
Some permits of pregnant women or those with temporary injury get the benefits of parking and 
are not willing to return permits to local government after the period of validity has expired. 
That is why we may see more and more permits being displayed in the handicapped parking lot 
in the shopping malls. In fact, the number of parking permits should maintain at a controllable 
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range. However, the fact is quite different.   
   
3.4.2 Individuals with Disabilities  
3.4.2.1 The shortage of parking facilities 
The handicapped parking spaces are recommended as 2% of all parking spaces in parking lots in 
Japan. (In fact, the minimum required number of handicapped parking spaces in this nation is 
specified as 2% of the number of total parking spaces when total available spaces below 200, or 
1% of the total parking spaces plus two when the 200 spaces threshold is exceeded). According 
to statistical data available for 2013, the population of physically disabled people in Saga is 
about 41,776, or 4.9% of the overall population (9). Also, the elderly population is about 
214,997 or 25.3%. In Japan, elderly is defined as one older than 65 years of age (10), and this 
group also may qualify for handicapped parking permits. These two groups alone form about 
30% of the population although there may be some double counting in this estimate as some 
physically disabled are elderly as well. The estimation is further complicated because disable 
parking permits are also available to other individuals such as pregnant women and those 
having temporary difficulties due to injuries and accidents. Nonetheless, it is reasonable to 
consider that between 25%-30% of the population is eligible to use handicapped parking spaces.  
Even with the extension of the PP system, increasing the number of people who use the disabled 
parking spaces without adding additional spaces will definitely cause mutual interference 
between the severely and mildly disabled. The author believes there are not enough handicapped 
parking spaces in other provinces as well, because the handicapped parking system is carried 
out relatively better in Saga prefecture than others in Japan.  
3.4.2.2 The conflict between severe and mild 
Based on the data shown as sections 3.2 and 3.3, we can easily find the number of mildly 
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disabled people becomes larger and larger.  However, the ratios of handicapped parking spaces 
in public do not increase. The mildly disabled people would obtain the more benefits than 
severely disabled in the handicap spaces because the quantity of them is much more and the 
requirement for wide space is not so important. The author always hears the same complaint 
from wheelchair users: they cannot park in handicapped parking spaces because the spots are 
frequently fully parked in.  The author believes the situation will become more serious and the 
conflict between severe and mild will be more intense due to the increasing number of mildly 
disabled people. Particularly, the elderly will be 40% of population in the year of 2050 in Japan, 
due to the prediction by researchers. (14)  
 
3.4.3 Violation from Able-bodied Individuals  
Nowadays, more and more handicapped parking spaces are widespread introduced in places in 
Japan by government and news media. More and more citizens realize the importance of 
handicapped parking. However, we may see handicapped parking spaces are still used by 
able-bodied drivers in some shopping malls because there is no legally binding force, and thus 
the temptation to the violate the law occurs.  
The violators tend to be 20~30 year old able-bodied young people use these most 
convenient parking spaces nonchalantly. Additionally, some trucks used to freight to shopping 
malls or supermarkets have high possibilities to park in handicapped parking spaces because 
these spots are close to entrances and it is most convenient spaces to carry material into or out to 
malls. It is seems that they have privilege to park there as if they were ordinary parking spaces 
that they could  park in freely. However, it goes without saying that able-bodies cannot park in 
the handicapped parking space even ―just for a moment‖. It is probable that disabled people 
require handicapped just at this moment. It is very regretful that able-bodied people take the 
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space that belongs to disabled people originally.  
The most effective method is to make some strict regulations and implement 
handicapped parking with punishment to avoid improper behavior of able-bodied drivers. 
However, it is difficult to do it in the near future because the permit with penalty cannot be 
implemented just in Saga, but instead, for the whole country. The other prefectures may not 
agree with this kind of permit with penalty and it would take much time to make plan for it by 
the government of Japan as well. This problem will be discussed in the further study. 
 
3.4.4 Parking Permits  
The designs of permits (tags) are unable to be understood clearly at present. Long-term and 
short-term are the same designs but only colors are different. Residents and individuals with 
disabilities feel confused about disabled permits. They do not know what types of handicapped 
spaces are for orange-color permits or for green-colored ones.  Likewise, if we can make 
permits more understandable and be seen easily, more able-bodied drivers may leave handicap 
spaces when they are aware of parking permits.  
 
3.5 Conclusions of Chapter 3 
The purpose of PP & PO parking system introduced is to prevent able-bodied drivers from 
parking in disabled parking and to help severely disabled people park in handicap spaces more 
easily. In fact, there were some positive effects in the PP system. However, after the period of 
adaptation, more and more violations and illegal parking behaviors occurred in handicapped 
parking spaces. The main reasons include that one, the increasing number of mildly disabled but 
there is no change in 2% handicapped parking spaces rule, which then leads the shortage of 
handicapped parking spaces for severely disabled. In fact, the severely disabled people 
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frequently complained parking became more difficult, not only because illegal parking by 
able-bodied, but also the increasing number of mildly disabled people, including the pregnant 
women, the elderly and those having some mild trouble with walking, park in 3.5m-wide 
standard disabled parking spaces and secondly, some able-bodied drivers still park in 
handicapped bays. It is noteworthy that the shortage of handicapped parking: 2% parking rule is 
not able to meet nearly 30% of population who has a right to park in these spots. The reason 
why the number of mildly disabled people increases rapidly may because pregnant women or 
those with temporary injury do not return the permits to the local government after the validity 
has expired.  The situation became worse after the PO system was introduced because 
relatively narrow wide handicapped spaces and the ground markings in these bays confused 
residents. A large quantity of severely disabled people including wheelchair users claimed and 
were worried that the parking environment is becoming worse, according to the questionnaire. 
Another serious problem about handicapped parking system in Saga prefecture is the use 
of policy without fine or penalty, as there is no legal authority to make unilateral decisions 
related to private properties and no predictive analysis or investigation for handicapped parking 
spaces. What is worse, more and more people who appear to be able-bodied have parking 
permits to park in handicap spaces. The reason why the number of seemingly able-bodied 
people increases rapidly may because they borrow the permits from his or her family. In 
addition, the shortage of education about handicapped parking was pointed out by some 
researchers as well. 
In order to resolve these problems, some experiments and investigation to improve 
handicapped parking have been done. The next two chapters will in detail describe the process 
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4. DROP-OFF AREA IN HANDICAPPED PARKING SYSTEM 
4.1 Appropriate Width of Handicapped Parking Spaces 
According to a previous questionnaire study by Kiyota (1), it is shown that 40% of wheelchair 
users (n=49) are now inconvenienced as the population of disabled using handicapped parking 
has been enlarged with the acceptance of a broader definition of the term ‗disability‘. In a public 
workshop for individuals with disability were held at Saga University in 2013, there was a 
consensus among severely disabled wheelchair users (n=12) that even 3.0 or 3.25 m-wide 
parking spaces were sufficient size for them to park. 
a) Experiment  
With this background information, the research team aimed to find out the different 
width requirements for different user groups according to their severity of disability. A physical 
simulation was performed with the aid of volunteers having different categories of disabilities to 
quantify the parking space requirement.  The experiment involved letting the volunteer first 
park within a measured space and report the degree of difficulty of parking and alighting from 
the assigned parking space. Then the experiment was repeated, each time reducing the parking 
space width, until the volunteer reports it is impossible to alight.  For the purpose of this 
experiment, a variable width parking space was designed using rubberized fabric markers 
placed on the ground around a parked car which is 1.79 m-wide (silver colored) and the 
volunteer car with 1.90 m-wide is black color as shown in Fig. 4-1. The experiment for mildly 
disabled including elderly was implemented as shown in Fig. 4-2 as well. Generally, 
1.70~1.75m-wide cars are very popular in Japan because the width of municipal road (84% in all 
roads in Japan) is only 3.7m (two directions) (2). 
The experiments were carried out in October, 2013 and April, 2014 under good weather 
conditions. The vehicle space is 2 m wide and 5 m long as shown in the schematic layout in Fig. 
67 
 
4-3. The alighting space (inclusive of paint mark width) indicated by the shaded area between 
the two vehicle spaces was initially set as 1.25 m wide.  This equates to a parking space width 
of 3.25 m. The 3.5 m-wide standard handicapped parking space was not disputed by authors and 
therefore not subjected to test. The alighting space was then systematically reduced at steps of 
0.25 m decrements until the minimum 0.50 m wide alighting space is reached by rearranging the 




Fig. 4-1 The experiment site for testing 
width of severely disable parking 
Fig. 4-2 The experiment site for testing 
width of mildly disable parking 
 
Fig. 4-3 Schematic arrangement for varying the width of parking space 
There were 19 volunteers (16 male and 3 female) who took part in the simulation, All of 
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Wheelchair users (n=12), crutch users (n=1) and people having mild difficulties with walking 
(n=4) are long-term disabled. Volunteers of wheelchair users (average age is 56) were invited 
from the organization of Spinal Injuries Japan and they have rich driving experience with an 
average of more than 20 years. Volunteers of crutch users, those having mild difficulties with 
walking (average age is 51) and pregnant women (average age is 28) participated when they 
knew about experiment and had interest in it. 2 people having mild difficulties with walking (P 
and Q in Table 4-1) have driving licenses but they do not drive frequently. The others (L and O) 
are good drivers with an average of 11 years of driving experience. Pregnant women (R and S) 
have rich driving experience with an average of 5 years of driving experience. Additionally, 
none of them were users of motorized scooters. Each volunteer was invited to park unaided at 
the experimental parking space and had to report the ease of the process of parking and alighting 
from the car without assistance from caregivers for each setting of width of the parking space.  
The response was recorded in a four level scale where ‗a‘ was the easiest and ‗d‘ was impossible 
as shown in Table 4-1. Wheelchair users were especially asked whether they can turn around in 
such an alighting space or not. The allowable responses in word form were: (a) No problem; (b) 
I can get off but a little narrow; (c) It is difficult to alight but I could do it; and (d) It is 
impossible to get off.  The experiment began with the widest parking space setting of 3.25m as 
mentioned earlier.  If the response was one of the first three options, then the volunteer was 
invited to attempt the next smaller size of the parking space. The experiment continued until the 
answer option (d) was selected or the minimum space width (i.e. 2.50m) had been attempted.  
Table 4-1 shows the complete list of volunteer responses at each of the width settings.  The 
dash line indicates situations where the volunteer has been excluded from further 




Table 4-1 Disabled user responses related to parking spaces of different widths  
3.50m 3.25m 3.00m 2.75m 2.50m
A — a a d —
B — a b d —
C — a d — —
D — a a d —
E — a a d —
F — a a d —
G — a a d —
H — a a d —
I — a b d —
J — a a d —
K — a a d —
M — a a d —
User of crutches N — a a c d
L — a a a b
O — a a b c
P — a a b b
Q — a b b c
R — a a a b
S — a a a b






Note: (a) No problem. (b) I can get off but a little narrow. (c) It is difficult to alight but I could 
do it. (d) It is impossible to get off. (—) This setting was not attempted. 
As Table 4-1 shows that there was no difficulty for any volunteers including wheelchair 
users when the width of parking space was 3.25m. When the width reduced to 3.00m, nine of 
the wheelchair users stated it was okay to park and alight, while one reported difficulties with 
using such a space. This indicates that a parking space width of 3.25m is acceptable for majority 
of disabled users.  
On the other hand, width of 2.75 m or below is completely unacceptable for wheelchair 
users.  However, individuals with mild disabilities and pregnant women have no difficulty with 
that size of parking spaces. Even 2.50 m width is sufficient for many such individuals, although 
2.75 m width could be more prudent for new mothers with baby strollers.   
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After the experiment, one more survey for able-bodied was carried out in Saga 
University under good weather conditions as well. How wide of alighting space for able-bodied 
will be understood in this survey. This data will be used for new conceptual handicapped paring 
system and proposed handicapped parking reconfiguration later. The layout and process of 
simulation was the same as mentioned in previous section. There were nine male able-bodied 
drivers did this experiment. The average age of them is 22 years and average age of drive 
experience is about 1 year. The experiment were used as minivan as shown in Fig. 4-5 and 4-6.  
 
Table 4-2 Able-bodied driver responses related to parking spaces of different widths 
0.75m 0.50m 0.25m
A a a d
B a a c
C a b d
D a a d
E a a d
F a a c
G a a d
H a b d
I a a d
The width of alighting space
Able-bodied Drivers
 
Note: (a) No problem. (b) I can get off but a little narrow. (c) It is difficult to alight but I could 
do it. (d) It is impossible to get off. (—) This setting was not attempted. 
Fig. 4-4 and 4-5 indicate the experiment by able-bodied people. As Table 4-2 shows, 
there was no difficulty for any able-bodied drivers when the width of alighting space was 0.75 
m. When the width reduced to 0.50 m, seven of the able-bodied drivers stated it was okay to 
park and alight, while two reported a little narrow in such a space. Then, two of them felt 
difficult to alight and seven volunteers claimed they can not get off when the width reduced to 
0.25m. This result indicates that an ordinary alighting space width of 0.50 m is acceptable for 
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majority of able-bodied drivers. It is important because the alighting space with 0.50m for 
able-bodied passengers and assistants who can help severely disabled people to alight is 
necessary.    
  
Fig. 4-4 The experiment site for testing 
width of able-bodied parking 
Fig. 4-5 The experiment site for testing 
width of able-bodied parking 
 
There are three main findings from the physical experiments: 
(i) A space width of 3.25 m is sufficient for wheelchair users; 3.00 m is sufficient for 
those relying on crutches; 
(ii) A space width of 2.75 m is sufficient for those with mild disabilities and pregnant 
women; 
(iii) An alighting space width of 0.50 m is sufficient for able-bodied drivers. 
It is acknowledged that the sample size here is small and further analysis using the 
proposed methodology can be recommended to refine standard related to minimum width of 
handicapped parking spaces and alighting spaces for able-bodied people. It is important to note 
that over-specification of the width is against interests of handicapped individuals as it restraints 
the efforts to increase the quantity of spaces.   
 
b) Questionnaire Survey 
In November 2013, a follow up questionnaire survey was done with a different group of 
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wheelchair users who were asked whether the current Japanese standard of 3.50m width for 
handicapped parking spaces adopted from foreign standards was necessary. There were 14 
wheelchair users (12 male and 2 female) who have rich driving experience more than 20 years 
in this study. Ten of them are more than 60 years old. 100.0% (n=14) of the sample indicated 
they can easily park in 3.25m-wide space when they go shopping in popular shopping malls. 
The questionnaire survey shows 3.25m is enough for wheelchair users as well. The relatively 
smaller average private vehicle size in Japan may partly explain this result. (2) Anyhow, the 
present study has shown that there is scope to reduce the space requirement per handicapped 
space. This provides an opportunity to reconfigure the available space to increase the number of 
parking spaces. Allocation of some spaces with even smaller sizes for mildly disabled and 
pregnant women can further reduce the average space requirement. 
The question revealed the perception about which factors for parking and alighting in 
popular shopping malls are significant was implemented in questionnaire survey as well. The 
respondents will choose answers from all options provided. There were 21 wheelchair users 
who attended the questionnaire. The age composition of them shows in Fig. 4-6. 73% of 
wheelchair users are the people who are more than 60 years old. There were six possible 
answers to select from: (i) Close to the entrance of shopping mall; (ii) Easy to park because 
parking space is wide; (iii) The spaces which are far from entrance, but are empty; (iv) Roofing 
and other facilities; (v) Parking relieved with help of shop staff; (vi) Others (show as Fig. 4-7). 
Most wheelchair users claim that they will choose the place which is close to the entrances of 
the mall and the space whose width is sufficient for them to park. The ratios of two choices are 
53.3% and 53.3% respectively. Next, two-thirds of them hope the roofing and other facilities 
can be set up in handicapped parking spaces, so it will be easy to park in on rainy days. On the 
other hand, the wheelchair users selecting options 3 and 5 are fewer and they may believe the 
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Fig. 4-6 Age composition of wheelchair users 
The rate of perception for the disabled people parking far from entrance but easily 
finding empty space is low as 13.3%. Most of wheelchair users would like to park in the nearest 
and most convenient spots, but it may be crowded, rather than the spaces which are available,  
but far from entrances. Therefore, according to the Fig. 4-7, we get the conclusion that the most 
important factors of parking for severely disabled are distance and width of handicap spaces. It 
is important to set up some wide handicapped parking spaces nearby to shopping malls. 
Additionally, if roofing and other facilities are also considered by shopping malls, it will be 
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Fig. 4-7 Importance of handicapped parking facilities for wheelchair users  
 
4.2 Drop-off Area in Handicapped Parking System 
The observation survey in the PP & PO systems has proved there are 41.4% of mildly disabled 
people and 53.6% seemingly able-bodied people usage in narrow PO spaces. In addition, after 
second and third surveys were done in ‗J‘ shopping mall, both of surveys show illegal parking 
by seemingly able-bodied people occurs in wide handicapped parking in parking lot No.1 as 
high as 44.0% in out of parking time. (3)  Fig. 4-8 shows the current situation among severe, 




Fig. 4-8 Current situation among severe, mild and able-bodied 
From Fig. 4-8, we know that the most serious problem is between severe and mild. If the 
arrow No.1 in figure is small (the width of arrow means the number of mildly disabled people 
for parking), the problem would not happen. However, if the number of them is exceed over 
some value, the conflict between severe and mild would occur and would be obvious. That 
means the parking chances for wheelchair users will be fewer and when handicapped parking lot 
becomes full, they cannot park in regular parking spaces because of narrow space, while it is 
possible for mildly disabled people.  
It seems to be fair that all disabled people obtain the same parking permits for parking, 
however, the conflict would be more serious when the number of applicants increases. 
Therefore, if we can separate severely disabled from all people, and give them more benefits in 
handicapped parking lots, parking for them may be easier. Fig. 4-9 shows the concept as ‗the 
wide handicapped parking spaces are only supplied for the people who need them mostly 
(drivers), the rest of severely disabled passengers will park in drop-off area. The mildly disabled 
will be arranged to narrow parking spaces‘. Fig. 4-10 shows the drop-off area setting up nearby 
to the entrances.  Here, a) the wide handicapped parking spaces (3.25m-wide as previously 
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described in section 4.1) are for severely disabled drivers. Because, according to several time of 
surveys, it indicates only 2 or 3 drivers who are wheelchair users go shopping in shopping malls.  
Most of severely disabled coming to shopping mall are passengers. Thus, we will set up 
handicapped parking spaces only for severely disabled drivers (PP1). b) the severely disabled 
passengers will drop firstly in drop-off area nearby to entrances with the help of shop staff. The 
passengers might be uneasy when they can not see their vehicles. Therefore, the parking spaces 
for their cars may be set up as close to drop-off area as possible. Moreover, the mildly disabled 
drivers with wheelchair users may hope to park in narrow handicapped parking spaces 
(2.70-2.75m-wide as section 4.1 mentioned). These spaces are shown as PP2 in Fig. 4-9. c) PO 
spaces are for mildly disabled people and pregnant women. d) the length for drop-off area 
should be more than 12m (7m for vehicle and 2m for alighting), in order to some disabled 
passengers can alight from the end of vehicles. (4) e) drop-off area is only for severely disabled 
passengers, thus messages and signs about this information should be set up as well. 
 





Fig. 4-10 The concept of drop-off area nearby to shopping malls 
If we can divide all disabled people into these 3 types, and drop-off area can be used in 
shopping malls that have parking condition, we do not need a lot of wide handicapped parking 
spaces for severely disabled passengers. These spaces may be changed into 2.70m handicapped 
spaces for increasingly mildly disabled people. Then, the conflict between severe and mild may 
avoid in this situation.  
However, if we implement this drop-off area system, the permits for passengers and 
drivers should be separated. This may become complicated for handicapped parking permit 
system though. This drop-off area has much effect in handicapped parking system. In addition, 
we cannot ignore asking to return the permits when the validities of permits are over. 
  
4.3 Conclusion of Chapter 4 
1) Based on the experiment survey, it has proved that: (i) A space width of 3.25 m is sufficient 
for wheelchair users; 3.00 m is sufficient for those relying on crutches; (ii) A space width of 
2.75 m is sufficient for those with mild disabilities and pregnant women; (iii) An alighting space 
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width of 0.50 m is sufficient for able-bodied drivers who will help the disabled people alight. 
That is to say, we can rearrange the widths of handicapped parking spaces in Japan for actual 
width of spaces.  
2) On the basis of the follow up questionnaire survey, 100% of wheelchair users claim 3.25m is 
sufficient for them to alight. In addition, most of them selected the options a) most close 
distance from parking lots to entrances b) and wide parking space in all factors about 
handicapped parking facilities. The next option for them is roofing for rain day. 
3) The model of current parking permit system is presented. It has shown the conflict between 
severe and mild is serious. 
4) The concept of drop-off area is mentioned. If we can rearrange severely disabled passengers 
drop firstly in drop-off area and only severely disabled divers are able to park in wide 
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5. THE NEW CONCEPTUAL HANDICAPPED PARKING SYSTEM  
5.1 Reconfiguration of Handicapped Parking Spaces 
In this section, it will describe how to add more handicapped parking spaces by reducing the 
generous width of the handicapped parking space. In addition, it will present how to increase the 
ratio of handicapped parking spaces in the shopping mall without sacrificing the sum of parking 
spaces, which is a sensitive topic many shop owners may be interest and agree with.  
 
5.1.1 Basics of the reconfiguration concept 
According to statistical data available for 2013, the population of physically disabled people in 
Saga is about 41,776, or 4.9% of the overall population (1, 2). Also, the elderly population is 
about 214,997 or 25.3%. In Japan, elderly is defined as one older than 65 years of age (3), and 
this group also may qualify for handicapped parking permits. These two groups alone form 
about 30% of the population although there may be some double counting in this estimate as 
some physically disabled are elderly as well. The estimation is further complicated because 
disabled parking permits are also available to other individuals such as pregnant women and 
those having temporary difficulties due to injuries and accidents. Nonetheless, it is reasonable to 
consider that between 25%-30% of the population is eligible to use handicapped parking spaces. 
Although there is a substantial legal handicapped population, the minimum required 
number of handicapped parking spaces in this nation is specified as 2% of the number of total 
parking spaces when total available spaces are below 200, or 1% of the total parking spaces plus 
two when the 200 spaces threshold is exceeded (4). This standard was established at a time 
when pregnant women, elderly and those having mild difficulties with walking were not 
considered handicapped. Thus, the number of handicapped parking spaces in Saga is inadequate 
to meet the demand under the PP system.  However, it should be noted that the 2% 
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recommendation is not unusual when it is considered that ADA (5) recommends only a slightly 
higher standard at 4% to 8% of parking spaces to be set aside for the disabled and still remains 
as an unmet national target in America. 
As mentioned earlier, field studies performed by Kiyota (6) have shown that those with 
less severe disabilities have benefited from formalization of the exclusive arrangement at the 
expense of wheelchair users. Wheelchair users are now forced to compete with drivers having 
mild disabilities for the wide parking space needed to transfer between wheelchair and car. 
The research team has also become aware of the fact that shop owners view handicapped 
parking as an underutilized resource. Having to prevent regular customers from parking spaces 
close to shop doors when there are no handicapped users is generally resented by shop owners 
who see it as detrimental to business. The research team acknowledges that any attempt to 
increase the amount of handicapped parking is likely generate strong opposition from shop 
owners. In such an environment, it may never be possible to match handicapped parking supply 
quantity to the demand. Nevertheless, the large disparity between the number of eligible users 
and amount of parking provided needs to be addressed. 
A method of selectively increasing the number of parking spaces available by reducing 
the average width of handicapped parking spaces has been conceived and proposed in this 
section. This concept will be demonstrated with conditions of handicapped parking spaces in the 
same shopping mall previously mentioned in the introduction section. 
In the proposed concept, handicapped parking spaces are divided into two types. The 
first type has wide handicapped parking spaces. These are effectively 3.25m wide (compared to 
traditional use of 3.50m wide spaces) and they are reserved for individuals with severe 
disabilities to the extent that they need wheelchairs or crutches for their mobility.  The reduced 
value is selected based on the survey finding mentioned in the previous section.  The other 
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type has relatively narrow spaces which are effectively 2.75m wide and available for all other 
disabled users, including pregnant women, elderly and those having mild disabilities. In this 
concept, severely disabled drivers are allowed to use the narrow bays if they can, but mildly 
disabled are not allowed to use the wide bays.  
The proposed concept has a further refinement by sharing alighting space between two 
adjacent bays, as observed in overseas examples mentioned in section 2.2. This is the reason for 
qualifying values of width by the term ‗effectively‘ in the previous paragraph.  Fig. 5-1 and 5-2 
illustrate this concept by providing a comparison of traditional and proposed layouts for two 
adjacent handicapped parking bays. The width of two traditional handicapped spaces is 7.0 m. 
In comparison, the total width of two adjacent spaces with the proposed configuration is 5.75 m 
as shown in Fig 5-2, partly because only one side of the bay has the wide alighting space and 
partly because the alighting space width has been reduced by 0.25 m in agreement with the 
survey findings mentioned in section 4.1.  
 




Fig. 5-2 Proposed handicapped parking configuration with 1.25m alighting space 
 
Therefore, the average width for one handicapped parking space could be reduced to 
2.875m, while delivering the wide space landing area in practical terms to wheelchair users. On 
one side of the parking bay the alighting space width is 1.25 m for the wheelchair users and on 
other side of the bay the alighting space is 0.5m for able-bodied passengers and assistants 
(experiments by section 4.1).  There may be some initial confusion as the driver needs to 
approach the parking space of the proposed system from the correct direction to orient the 
wheelchair user to be on the designated landing side.  This means that wheelchair using drivers 
should approach from one direction and wheelchair using passengers should approach from the 
opposite direction for a particular space.  The recommended approach direction alternates 
between adjacent parking spaces. Notwithstanding scope for some confusion, the proposed 
configuration drastically reduces the area required per disabled parking space by utilizing 
available space in a productive manner.  In addition, setting up some arrows and signs may 
help drivers to park in correct direction. 
Similarly, the arrangement for parking spaces for individuals with mild disabilities can 
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be configured to share an alighting space width of 0.75m, while other dimensions remain same 
as given in Fig. 5-2. The average width for such a space is 2.625m. Fig. 5-3 shows this type of 
narrow handicapped parking space, which one pairing of width is 5.25m.  
 
Fig. 5-3 Proposed handicapped parking configuration with 0.75m alighting space 
 
5.1.2 Computation of potential space savings from with adoption of proposed 
configurations  
a) Relevant equations with the traditional handicapped parking configurations 
This section explains the underlying algebra that relates to analysis of space usage with parking 
spaces for disabled. Here, we will focus on three factors: the sum of widths of parking lots, the 
percentage of handicapped parking spaces allocated and the number of regular parking spaces in 
a parking complex. We will compare the traditional handicapped parking configuration against 
proposed configuration based on these measures. 
Formulations below are developed in the context of a shopping mall parking complex 
where the minimum 2% handicap space rule is applicable. However, the concept could be 
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readily extended to include larger parking facilities where the benefit of applying the proposed 
concept could be even more significant.   
Firstly, we can construct an equation for the sum of space widths of a parking lot with 
traditional handicapped parking configurations. It is simply the sum of widths of handicapped 
spaces and of all regular spaces.  Therefore, the relevant formulation is as follows:  
  100/)100( NhwhwS rhh             (Equ. 5-1) 
where 
:hS Sum of widths of all parking bays with the traditional handicapped parking configuration 
:hw The average width of one space for handicapped parking with traditional configuration (the 
value is 3.50 m) 
:h The percentage of handicapped parking spaces within the parking lot 
:rw The width of one regular parking space (the value is 2.50 m) 
:N The total number of all parking spaces within the parking lot where handicapped parking is 
provided according to the traditional configuration 
Rearrangement of the above equation as shown below in (5-2) allows us to compute the 










             (Equ. 5-2) 
It is now possible to construct the equation to compute the number of regular parking 
spaces.  That value can be obtained by subtracting the number of handicapped spaces from the 





NNNN hr   
where 
:rN  The number of regular parking spaces in traditional handicapped parking configuration 
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:hN  The number of handicapped parking spaces in traditional handicapped parking 
configuration 











      (Equ. 5-3) 
Equations (2) and (3) will allow us to establish the composition of spaces for disabled 
and regular spaces within a given lot size. 
b) Equations to deal with the proposed handicapped parking configuration 
For the purpose of comparing with traditional handicapped parking configurations, we now 
reformulate above measures using conditions of the proposed handicapped parking 
configuration.  The method and process of formulation are similar to the method shown in the 
previous section.  
In the proposed parking reconfiguration, we have two types of handicap parking spaces, 
one type for severe disabilities and the other for those with mild disabilities. They were earlier 
referred to as wide spaces and narrow spaces.  The equation (5-4) below shows the sum of 
widths of the two types of handicapped parking lots and regular spaces. 
100/)]100()([ '''''' NhwhhwhwS rwnwwh   (Equ. 5-4)   
where 
:'hS Sum of widths of all parking spaces built according to the proposed configuration 
:'h The percentage of all (wide and narrow types) handicapped parking spaces 
:ww The width of one wide space for handicapped parking (the estimated value is 2.875 as 
shown in Section 4.1) 
:'wh The percentage of wide spaces for handicapped parking 
:nw The width of one narrow space for handicapped parking (the estimated value is 2.625 as 
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shown in Section 4.1) 
:'N The total number of parking spaces in the parking lot following proposed configuration 
Then, the total number of parking spaces and the number of regular spaces are described 



























   (Equ. 5-6) 
 
c) Advantages of the proposed handicapped parking configuration 
On the basis of above equations we can compare what happens if we attempt to increase the 
supply of handicapped parking using traditional configuration and the proposed layout.  
The sum of width of parking spaces is investigated firstly. For this purpose, consider a 
parking lot with 100 spaces. This means there are 2 handicap spaces for wheelchair users and 98 
regular spaces according to prevailing 2% rule in Japan. Then we will explore the impact on 
total space requirement with higher values for the percentage of handicap spaces.  Note that 
Equations (5-1) and (5-4) used for this purpose are linear functions of h, when other variables 
are known.  In other words, as the percentage of handicapped parking is raised, the space 
requirement increases in a linear fashion. Table 5-1 shows these values computed for four 
different h values using the measurements already mentioned.  The linearity of the relationship 
can be readily observed.  In addition, the tabulation provides quantitative estimates for the 
amount of possible reduction for space requirement under the proposed configuration. There are 
three scenarios considered with the proposed configuration in this tabulation.  The scenario 1 
allocates 2% of wide space disabled parking irrespective of the h value.  In other words, only 
narrow space handicap parking is added with increase in value of h, after converting the initial 
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2% to wide space category.  This means that wide spaces = 2% and narrow spaces= 28% when 
the h value is 30%.  The scenario 2 is an in-between option where the disabled parking is 
apportioned equally to the two categories.  In other words when h value is 30%, wide spaces = 
narrow spaces = 15%. The scenario 3 is the other extreme where all additions to handicapped 
parking are in wide space category.  In this scenario there is no narrow space handicapped 
parking added and therefore wide spaces = 30% and narrow spaces= 0% when the h value is 
30%.  As expected, scenario 1 provides the most reduction at a given h value, and those values 
are shown in the last row of the tabulation.  It is noteworthy that the other scenarios also yield 
sum of widths of parking spaces closest to scenario 1 than with the traditional configuration. 
As expected, this difference in space requirement in comparison to the traditional method 
also varies as a linear function of h (i.e. percentage of handicapped parking spaces). It can be 
shown that equation formed from the difference of sum of space widths are given by 0.875h - 
0.5, 0.75h and 0.625h for scenarios 1, 2 and 3 respectively.  The calculation is following: 
  100/)]100()([100/)100( '''''' NhwhhwhwNhwhwSS rwnwwrh   
We suppose the initial status: there are 100 spaces（ 100'  NN ) in both parking 
configurations and traditional handicapped parking configuration includes 2 handicap spaces for 
wheelchair users and 98 regular spaces according to prevailing 2% rule in Japan. Then,  
(i) 2% wide handicap spaces and (h-2)% narrow handicap spaces in proposed handicapped 
parking configuration 
  100/)]100()([100/)100( '''''' NhwhhwhwNhwhwSS rwnwwrh   
= 5.0875.0 h  
(ii) (h/2)% wide handicap spaces and (h/2)% narrow handicap spaces in proposed handicapped 
parking configuration 
hSS 75.0'   
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(iii) Only h% wide handicap spaces in proposed handicapped parking configuration 
hSS 625.0'   
Table 5-1 Comparison of space requirement 
Percentage of handicapped spaces, h 2% 10% 20%  30% 
Sum of widths of parking spaces (m)     
Traditional configuration 252.00  260.00  270.00  280.00  
Proposed configuration, wide= 2%, Scenario 1 250.75  251.75  253.00  254.25  
Proposed configuration, wide=narrow, Scenario 2 250.50  252.50  255.00  257.50  
Proposed configuration, narrow=0%, Scenario 3 250.75  253.75  257.50  261.25  
Traditional method value minus proposed scenario 1 1.25  8.25  17.00  25.75  
 
Next, we can investigate the behavior of the total number of parking spaces and the 
number of regular spaces. For this purpose, we begin with a preset amount of space and 
compute the number of parking spaces that can be provided with the traditional method and 
proposed method.  The proposed configuration considered here provides 2% wide type 
handicapped parking and the remainder of the handicapped parking is the narrow type.  It is 
convenient to assume the present total space is equal to 252 m of sum of widths, as readers have 
already observed that value in Table 5-3, for total of 100 spaces under the current 2% rule.  
The results about these equations are following: 
 













=100*252/(3.5*h+2.5*(100-h))=25200/(250+h) (2<h<30)  
 


































=252*(100-h)/(3.5h+2.5*(100-h))=(25200-252h)/(250+h) (2<h<30)  
 





























  (2<h<30) 
 
Equations (5-2) and (5-5) provide the total number of parking spaces that can be 
provided in the selected total space.  In Figure 5-4, these values are plotted after rounding 
down to the nearest integer to avoid reporting fractional values for parking spaces. If we 
consider 30% situation for the fraction of handicapped parking, the traditional method could 
provide only 94 spaces in total whereas the proposed method can provide 99 spaces altogether.  
This finding could be a significant assistance in promoting a move toward a more desirable 
value for h, compared to the current 2% rule. With the proposed method, there is little reason to 
be alarmed about the loss of overall count of spaces. Table 5-1 has already shown the space 
requirement if the mall operator is adamant to maintain the total count of spaces at 100. To 
ensure 100 spaces, space width of 2.25m (=254.25 - 252) has to be added, presumably by 
reallocation of space previously allocated for an alternative activity.   
It may be observed that graphs in Fig. 5-4 appear to follow a linear pattern, if the 
staircase shape resulting from the rounding down is ignored.  This worried the research team 
as the underlying equations were clearly non-linear (see Equations (5-2), (5-3), (5-5) and (5-6)).  
A close examination of the calculations and the equations revealed that this is a result of 
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magnitudes of the variables and parameters involved.  It has been verified that the equations 
have very little curvature at the range of values applicable here. 
The number of regular parking shown in Fig. 5-4 is computed from Equations (5-3) and 
(5-6).  This is a value shop owners may focus on. There appears to be a lack of appreciation 
among shop owners that the official definition of handicapped covers almost 30% of the 
population, and those individuals are also potential customers.  Nevertheless, the graphs show 
that the loss of regular spaces possible under higher values of h is less compared to an attempt 
to achieve such a situation while retaining traditional handicapped parking configurations.   
 
Fig. 5-4 Number of parking spaces possible with different percentage values of 
handicapped parking in Scenario 1 
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Then, similarly, base on the method previously described, the equations and results of 
Scenario 2 ((h/2)% wide handicap spaces and (h/2)% narrow handicap spaces in proposed 
handicapped parking configuration) and Scenario 3 (Only h% wide handicap spaces in proposed 
handicapped parking configuration) are presented as following:  
In Scenario 2: 
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=25200/(250+h) (2<h<30)  
 














=25200/(0.25h+250) (2<h<30)  
 













= (25200-252h)/(250+h) (2<h<30)  
 

























Fig. 5-5 Number of parking spaces possible with different percentage values of 
handicapped parking in Scenario 2 
 
In Scenario 3: 










  =25200/(250+h) (2<h<30)  
 














 =25200/(0.375h+250) (2<h<30)  
 















= (25200-252h)/(250+h) (2<h<30)  
 

























Fig. 5-6 Number of parking spaces possible with different percentage values of 
handicapped parking in Scenario 3 
Based on the analysis described above, there is much merit in the proposed handicapped 
parking configuration than in the traditional one. Especially, scenario 1 provides the most 
reduction at a given h value, those values shown in the tabulation and most high value in three 
figures.   There is now scope to achieve a meaningful proportion of disabled parking near 
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public facilities with minimal impact on regular users.  If the number of regular parking spaces 
is not negotiable, the proposed parking reconfiguration provides the least cost solution to 
increase disabled parking. 
 
5.2 The Conceptual Design in Proposed Parking Reconfiguration 
The research process and merit of proposed handicapped parking reconfiguration in the sum of 
space widths and in the total number of all parking spaces were described in section 5.1.  Now, 
we assume there is 250m (i.e. the length is 100 regular parking spaces) in a popular shopping 
mall. Then, we will compare the proposed parking reconfiguration to traditional handicapped 
parking reconfiguration when the ratio of handicapped parking is 30% (10% is wide 
handicapped spaces and 20% is narrow handicapped spaces).    
In the PP & PO systems, if we set up 10 handicapped spaces that are 3.5m-wide and 20 
handicapped spaces that are 2.75m-wide, there would be 160m left for regular spaces. The 
number of regular spaces would be 64 (64=160/2.5). In total, there are 94 parking spaces in the 
shopping mall.  On the other hand, if we choose to use the proposed parking reconfiguration, 
there is 81.25m for all handicapped parking spaces (10 wide handicapped parking spaces: 2.875
×10; 20 narrow handicapped parking spaces: 2.625×20) and 168.75m-length for regular 
spaces. That is to say, there would be 67 regular spaces (67=168.75/2.5) or i.e. 97 parking 
spaces in proposed parking reconfiguration. It is impossible to set 250m in one line, then 
according to the practical situation, we allocate these spaces into five lots (the length of one lot 
is 50m). Fig. 5-7 shows this type of conceptual parking lots in shopping malls. 10 wide 
handicapped spaces (WP) and 8 narrow handicapped spaces (NP) will be set up in lot A (sum of 
width=49.47m). 12 NP and 7 regular spaces will be set up in lot B. In fact, we can change the 7 
regular spaces into NP because then the sum of width of 19 NP is 49.875m which is less than 
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the length of parking lot. Finally, the rest of 60 regular parking spaces will be set up in lot C, D 
















Fig. 5-7 The conceptual parking lots in shopping mall  
From this result, it has proved that only reducing 3 regular parking space per 100 parking 
spaces but we are able to obtain 10 wide handicapped spaces for wheelchair users and 27 
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narrow handicapped spaces for mildly disabled people. The parking opportunity for both types 
of disabled people will rise when they arrive at shopping mall. The conflict between severe and 
mild may avoid in proposed parking reconfiguration.  
Table 5-2 shows the different values when the ratio of handicapped parking spaces 
increases. Similarly, the length of parking lot is 250m and alighting spaces for able-bodied 
people is 0.5m. The alighting space for wheelchair users in traditional handicapped parking 
reconfiguration is 1.5m-wide. The width of wide spaces in proposed one is 1.25m.  On the 
other hand, alighting spaces of narrow handicapped spaces in both are set as 1.0m and 0.75m, in 
order to calculate and compare the difference.  
Table 5-2 The relation between ratio of handicapped parking spaces and the number 
of regular parking spaces 
1m 0.75m 1m 0.75m
0 0 0 100 100 100 100
5 0 5 94 94 94 94
5 5 0 94 94 93 93
10 0 10 89 89 88 89
10 5 5 88 88 87 87
10 10 0 88 88 86 86
20 0 20 78 79 76 78
20 10 10 77 77 74 75
20 20 0 76 76 72 72
30 0 30 67 68 64 67
30 10 20 66 67 62 64
30 20 10 65 65 60 61











We may show wide handicapped parking spaces and narrow spaces as (x,y) to indicate 
the ratio of handicapped parking spaces (x: wheelchair users; y: mildly disabled). For example, 
(10,20) means 10 wide handicapped parking spaces for severely disabled and 20 narrow spaces 
for pregnant women and individual with mild difficulties in one parking lot. Then, we will 
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obtain 64 regular parking spaces when value is (30,0) and 66 regular parking spaces when value 
is (10,20) as table shows (alighting spaces for narrow handicapped parking spaces are 
1.0m-wide). Therefore, if we implement the latter value, we will get two more parking spaces. 
Similarly, we can change the ratio of handicapped parking spaces and attempt to maintain high 
value of spaces in parking lot, according to the requirement of disabled people. 
 
5.3 The Conceptual Design for Handicapped Parking in the Shopping Mall 
It is acknowledged that more than 30% of parking being devoted to disabled is an impossible 
target to achieve in the current socio-economic environment.  A conservative target may be 
20%~30%, partly to account for the possibly low mobility potential of disabled people 
compared to able-bodied individuals.  The above value could be compared to the 4~8% 
recommended by ADA in the USA as the amount of parking to be allocated to vehicles of 
disabled.  
The final conceptual handicapped parking lot is shown in Fig. 5-8 for the popular 
shopping malls that have parking conditions and wide space that can allow for this 
reconfiguration. a) The temporary parking bay (drop-off areas with benches) will be for 
wheelchair users who are passengers. The length of parking bay may be more than 12m because 
some disabled passengers would alight from the end of vehicle (vans) and it needs more spaces 
(7m for vehicle and 2m for alighting) (7). It will significantly reduce the use of handicapped 
parking spaces. After alighting, if the driver is disabled people, he or she can move to 
handicapped parking spaces (wide one or narrow one), if the driver is able-bodied, the driver 
should park in regular parking space but nearby to entrances because disabled people may feel 
uneasy if they can not see their vehicles. b) The wide handicapped parking spaces (average 
width for one space is 2.875m) for severely disabled people should set up in spots where are 
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nearest to entrances. In these spaces, the warning messages and vertical signs to help drivers to 
park in correct direction and prevent able-bodied people from parking should be added as well. 
c) The narrow handicapped parking spaces (average width for one space is 2.625m) for the 
mildly disabled, pregnant women and the elderly should set up together as Fig. 5-8 shows. The 
ground markings will make parking clear to users as the green mark in Fig. 5-8 shows d) The 
ordinary parking spaces are planning to be set up in other spots. e) In order to reduce the ratio of 
traffic accident, it will be implemented as a one-way road as arrows show in the figure. d) The 
ratio of handicapped may be adjusted by shopping malls, based on the actual situation. 
 
 




The owners of shopping malls, supermarkets and hotels will probably accept the new 
concept because there is not much change in the total number of parking spaces, as mentioned 
in section 5.1 and 5.2. If this new conceptual parking reconfiguration can be used in popular 
shopping malls, it will help disabled people and others like pregnant women, elderly and those 
having mild difficulties with walking park more easily and conveniently.  
 
5.4 Conclusion of Chapter 5 
The root of the problem is the breadth of the formal definition that accepted about 30% of the 
population as disabled while maintaining the maximum of 2% rule as the national standard for 
supply quantity of disabled parking spaces.  This section looks at technical solutions available 
in attempts to increase the share of disabled parking and attempts to quantify impacts of such 
solutions on regular users of parking facilities. 
1) A feasible configuration is thus, proposed with a wide landing space on one side and a regular 
landing space on the other side of the parking space as already allowed in some countries. 
2) The proposed scheme introduces two types of disabled parking. The width of one pair of 
wide handicapped parking spaces would reduce from 7m to 5.75m and one pair of narrow 
spaces would reduce from 5.5m to 5.25m, according to the proposed parking reconfiguration. 
3) The equations for traditional and proposed handicapped parking reconfigurations are 
mentioned by mathematical methods.  
4) The number of regular parking spaces would not reduce much even if the ratio of 
handicapped spaces goes up to 30%.   
5) The drop-off area for disabled passengers may play an important role in the proposed 
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6. ATTEMPTED SOLUTIONS FOR ILLEGAL PARKING  
6.1 Ground Marking, Signs and Messages 
In an effort to decrease the illegal use of parking spaces reserved for disabled people, signage 
and messages against able-bodied drivers are concerned by the authors. A repeated observed 
method is used in this research (1). However, it is very difficult to obtain the permission at 
parking lots in shopping mall, due to privacy policy in Japan. As so, written recording by 
students and recording by video were given up in this situation.  
While the authors were upset by the impossibility of survey in shopping malls, Saga 
University agreed with the observation in parking lots of the school. Although the people who 
park at parking lots are different because the users are almost students, teachers and staff in 
campus, we can still find the effect of signage and message by society cognitive theory (2). 
Then some advice about parking space supply in university was presented by result of survey. 
The survey starts in October, 2013 from when the fall semester began. The possibility of 
illegal parking is high because there are no enough parking spaces can be parked by an 
increasing number of vehicles by students. Lots of bicycles are parked in those spots when 
classes have begun. (shown as Fig. 6-1 and 6-2). Four popular handicapped parking lots are 
chosen by the authors.  
Lot a: handicapped parking spaces at the front of Science No.1 Building, Lot b: 
handicapped parking spaces at the front of student center, Lot c: handicapped parking space 
behind Division of Admission, Lot d: handicapped parking spaces at the side of international 
office. Lots a and b are at the front of classroom block, which are easy to be seen by people 
(shown as Fig. 6-3 a and b). However, Lots c and d are somewhat far away from entrance of 
main building (shown as Fig. 6-3 c and d). Almost all students and teachers may not pay 
attention to whether there is violation occurred in these two handicapped parking lots or not. 
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That is to say, the violation ratio there is probably higher than two lots previously mentioned.  
  
Fig. 6-1 The illegal parking at the front of 
entrance 
Fig. 6-2 The illegal parking by bicycles at 
the front of handicap spaces 
 
Fig. 6-3 Four handicapped parking spaces 
This field survey was carried out for a 6-hour duration from 8:30 am to 10:00 am and 
104 
 
3:00 pm to 4:30 pm in four weeks. There was only an international wheelchair symbol painted 
on the ground at four handicapped parking lots in the first week (as Fig. 6-4 shows). In the next 
week, ground marking and prominent vertical sign were set up in these spots (as Fig. 6-5 shows). 
In the third week, ground marking, prominent vertical sign and warning messages were set up 
(as Fig. 6-6 shows). In the last week, authors repeated only ground marking showing as do in 
the first week (as Fig. 6-7 shows). The observation was not considered on the weekend 
because few students and teachers were at school. Because of lack of support, only one trained 
observer was allocated and observed for each set of adjoining parking spaces in every 10 
minutes. The observer was positioned away from the parking lot in an unobtrusive manner to 
avoid influencing the parking behavior of vehicle owners during the survey period. The 
observer recorded information on paper about the approximate parking time in handicapped 
spaces and what type of the parking permits or other proof displayed (if the drivers had them.)  
    
Fig. 6-4 First week Fig.6-5 Second week Fig. 6-6 Third week Fig. 6-7 Fourth week 
 
Survey results and conclusions: 
Fig. 6-8 indicates the ratios of parking occupancy in the first week observation (ground 




Lot a (noticeable) Lot b (noticeable) 
  
Lot c (unnoticeable) Lot d (unnoticeable) 
Fig. 6-8 The ratios of parking occupancy in the first week 
The violations that occurred in Lot a and b are obviously less than c and d which are far 
away from the entrance. The disabled people can easily find empty space to park at Lot a and b, 
however, the violation ratios in both handicapped parking lot c and d are nearly 44%. That 
means almost half time the disabled people cannot utilize these spots when they arrive at the 
bays. On the other hand, the ratios of use of handicapped parking by disabled people are 
respectively 6% and 10%. The low ratio of use of handicapped parking is probably related with 
violated parking by able-bodied drivers. It was concluded that the locations near to a main 
entrance or that were in a noticeable location, were important for handicapped parking. 
Additionally, the ground marking used alone was of limited effectiveness probably because 
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ground markings are hidden by illegally parked cars and ground markings cannot be readily 
identified by able-bodied drivers. 
Fig. 6-9 shows the ratios of parking occupancy in the second week observation (ground 
wheelchair symbol marking and vertical sign) 
  
Lot a (noticeable) Lot b (noticeable) 
  
Lot c (unnoticeable) Lot d (unnoticeable) 
Fig. 6-9 The ratios of parking occupancy in the second week 
The violation ratios decrease when the ground wheelchair symbol marking and vertical 
sign were set up in both Lot c and d. The violation ratios went down to 27% and 20% 
respectively compared with previously violation ratios that were 44% and 44%.  
Fig. 6-10 indicates the ratios of parking occupancy in the third week observation (ground 




Lot a (noticeable) Lot b (noticeable) 
  
Lot c (unnoticeable) Lot d (unnoticeable) 
Fig. 6-10 The ratios of parking occupancy in the third week 
The violation ratios drop to the lowest level in the study when the warning message with 
baby picture and writing about ‗the disabled people cannot park and will be in trouble if you 
park here‘ is added to the ground wheelchair symbol marking and vertical sign. Then, the 
violation ratios in Lot c and d become 2% and 10% respectively. In addition, handicapped 
spaces have been empty for a long time as Fig. 6-10 shows. The observers also reported that 
some able-bodied drivers began to park their vehicles illegally, then when they saw the signs 
and messages, and immediately left the handicapped parking spaces. That means a combination 
of ground marking, vertical sign and warning message plays a great role in handicapped parking 
system to prevent able-bodied drivers to park.  
Similarly, in a foreign study of demographics of violators, the lowest violation rates were 
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recorded at the observation sites where parking spaces were marked with upright signs rather 
than ground signs. (3) 
Fig. 6-11 shows the ratios of parking occupancy in the fourth week observation (ground 
wheelchair symbol marking only) 
  
Lot a (noticeable) Lot b (noticeable) 
  
Lot c (unnoticeable) Lot d (unnoticeable) 
Fig. 6-11 The ratios of parking occupancy in the last week 
Lastly, removal of warning messages and vertical signs results in an increase in violation 
rate to 27% and 37% in Lot c and d. while the Lot a and b are not influenced much compared 
with the investigation mentioned. It proves that only ground marking still cannot influence 
able-bodied drivers and cannot decline violation much. 
Fig. 6-12 and Fig. 6-13 indicate the change of time of violation by able-bodied drivers in 
handicapped parking lots which are not noticed by people, in the time at four weeks. The time 
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of violation in lot c is from 400 minutes in the first week, which is the peak value in whole 
survey period, down to 225 in the second week and then continually down to only 15 in the 
third week. After removal of the vertical sign and message, the violation time increases to a high 
level of 240 minutes as Fig. 6-12 shows.  Fig. 6-13 shows the same trend of time of violation 
in Lot d. The time decreases from 297 to 190 after adding a vertical sign, and then further down 
to a lowest of 90 minutes when a combination is set up. After removal of the vertical sign and 
message, violation time goes up to 330.  Fig. 6-12 and Fig. 6-13 may imply that social 
sanctions have a great impact on violation rates, even it has occurred in an unnoticeable place.  
 




Fig. 6-13 The change of time of violation in Lot d 
 
The last stage is about the difference in illegal parking between morning and afternoon. 
Fig. 6-14 shows the result of this investigation. The percentages of time for handicap and 
violation including all four handicapped parking lots in four weeks are obviously different 
according to the figure.  In general, the ratio of time of handicapped parking by disabled 
people in morning is more than the ratio of parking by able-bodied people. Except for the first 
week, the ratios of handicapped parking in morning have reached 0.78, 0.85 and 0.79. However, 
when it comes to afternoon, the ratio of time of violation in afternoon becomes higher than the 
ratio of individual with disability. The ratios of violation in the first, second and fourth week are 
0.85, 0.82 and 0.88 respectively. More able-bodied students choose classes in afternoon rather 
than in morning. Probably, for this reason, the violation in school trends to occur in the 
afternoon. Therefore, authors comment that approaches to patrolling handicapped parking lots 
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Fig. 6-14 Ratio of violation based on time in four lots 
From these results, it shows that only one parking bay frequently used in handicapped 
parking lot a in the campus as well. It would be better if we remove one parking space and 
change it into ordinary parking spaces. It may reduce the ratio of illegal parking there. One more 
disabled parking space may be added in handicapped parking lot b, because the student center is 
nearby and is frequently visited by students and official staff. The possibility of an individual 
with disability coming is high. Moreover, the messages and signs in lot c and d should be set up 
as soon as possible. The patrol, particularly in the afternoon, by staff, is also recommended 
because the rate of violation in place which is far away from an entrance of a main building may 
be high, as results in the previous section show. 
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6.2 Conclusion of Chapter 6 
It is proven that the violation occurs frequently in places far from entrances and to which people 
would not pay attention to. Setting warning messages and vertical signs are an effective way to 
protect the handicapped parking spaces for severely disabled people based on results surveyed 
in four lots. The rate of illegal parking decreased rapidly when warning messages and vertical 
signs were added. Meanwhile, it is indirectly proven that the concept from social cognitive 
theory by Bandura (2) is an effective way against illegal parking as well. 
 In addition, the handicapped parking spaces are likely to be rearranged in school 
because use of reserved spaces is different. For example, we may reduce one reserved space at 
the front of Science No.1 Building and add one space at the front of student center for 
frequently usage. Therefore, the ratio of handicapped parking spaces in university may keep less 
than current 2% handicapped parking rule. The further study that how many spaces in school 
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7. SUGGESTIONS AND CONCLUSIONS  
7.1 Countermeasure for Improvement  
Based on the problems of handicapped parking system in Saga prefecture, described in section 
3.3 and 3.4, and the experiments for improvement, the possibility of drop-off area and new 
conceptual handicapped parking system mentioned, the new parking system in shopping malls 
should contain three parts. The points of improvement are indicated in Fig. 7-1. 
The policy should include a) Strengthening the agreement with shopping malls and other 
supermarkets because local government does not have the legal authority to make unilateral 
decisions related to private properties in Japan; b) Strengthening education included in 
elementary schools and driving schools. Children can persuade their parents not to park in 
handicapped parking spaces, which should be a good method to widespread parking permit 
system. Additionally, new able-bodied drivers should be taught that these spots reserved for 
handicapped cannot be parked in as well; c) Making a plan for observation in handicapped 
parking lots and investigating the number and time of illegal parking periodically. This data is 
important because we can judge whether parking permit system works better or not by it and 
then we can take measures to improve parking system based on these results from investigation; 
d) Improving the system. If it is possible, information should be recorded on the permits 
including the level or severity of disability and ID number. It will effectively stop able-bodied 
people from borrowing permits from the disabled. The deposit system for pregnant women and 
those having mild difficulty with walking should be implemented as well. It will urge those 
having temporary parking privilege to return permits. Consequently, the number of permits will 




Fig. 7-1 Improvement for handicapped parking permit system 
The part of individual with disabilities should contain: a) Adding the ratio of 
handicapped parking spaces including narrow handicapped parking spaces for mildly disabled 
in the popular shopping malls (as mentioned in chapter 4); b) Setting up drop-off area for 
disabled passengers in popular shopping malls and setting up the 3.25m handicapped parking 
lots accessible to entrances as near as possible. Avoiding the situation that some handicap spaces 
are set up far away shopping centers as ‗J‘ shopping mall did; c) Adding more handicapped 
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parking spaces, including wide handicapped parking spaces and narrow handicapped parking 
spaces, by sacrificing the generous width of the handicapped parking space, for those who do 
not really need that width as previously mentioned. 
The measures to prevent the able-bodied to park should focus on: a) Adding warning 
messages and vertical signs in handicapped parking, which is an effective method to prevent 
able-bodied drivers to park in these places; b) Improving the design of parking permits to make 
able-bodied people notice permits much easier. If we can implement these measures, than the 
possibility of legal parking against illegal parking may be higher.  
 
7.2 Conclusions  
This study focused on handicapped parking system and improvement for system in Saga region. 
It proves that system without punishment has a little effect on illegal parking after the PP and 
PO systems have been introduced, compared with the understood disabled parking system in 
other countries by literature. The main conclusions in the thesis are as following:  
The observation survey and the analysis method followed from section 3.2 have 
provided a picture of the usage pattern of the handicapped parking lots in the survey area. In 
particular, it has been possible to quantify the times and durations when handicapped parking in 
a parking lot is full and thereby causes inconvenience to those with severe disabilities in a 
popular shopping mall in Saga prefecture.  
The survey of user perception of the PP system has indicated that, in general, those with 
less severe disabilities have benefited from formalization of the exclusive arrangement whereas 
wheelchair users have become losers as they are now forced to compete with the mild disability 
drivers for the wide parking space needed to transfer between the wheelchair and car. The 
quantitative and qualitative analyses performed in this project have converged on the same 
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conclusions, that drivers with severe disabilities have been the main losers from the manner of 
introduction of the permit system. 
In fact, the root of the problem is the breadth of the formal definition that accepted about 
30% of the population as disabled in Saga while maintaining the maximum of 2% rule as the 
national standard for supply quantity of disabled parking spaces. The parking system introduced 
problems from the widening of the disability definitions without a corresponding increase in the 
number of parking spaces dedicated to disabled groups.  This indicates a need for addition of 
disabled parking spaces to compensate for allowing mild disability groups, pregnant women and 
people with disabilities not physical in nature. There is strong evidence to suggest that it is 
worth reviewing the outdated specification for number of disabled parking spaces in 
supermarket facilities. Thus, the dissertation looks at technical solutions available in attempts to 
increase the share of disabled parking and attempts to quantify impacts of such solutions on 
regular users of parking facilities. 
The drop-off area set up nearby to entrances for disabled passengers and then the 
handicapped parking spaces are only for disabled drivers, the use of handicapped parking spaces 
will be easier. The conflict between severe and mild may mitigate according to this system. 
However, the permits need to be separated from drivers and passengers. This may lead to more 
complicated in handicapped permit system. 
Experiments conducted during the project showed that the largest amount of space 
required by disabled persons with wheelchairs to complete the boarding and alighting processes 
is 0.25 m less than the current standard. That is to say, 3.25m wide handicapped parking space is 
sufficient for wheelchair users. Similarly, 2.75m wide parking space is enough for pregnant 
women and those having mild difficult with walking, according to the experiments. 
Opportunity to further reduce the space requirement arose with the observation that the 
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drivers who are wheelchair users do not need a wide landing space simultaneously on both sides 
of the car.  A feasible configuration is thus proposed with a wide landing space on one side and 
a regular landing space on the other side of the parking space, as already allowed in some 
countries.  
Next, the refinement introduced came about with the observation that much less physical 
parking space is needed by those with mild mobility difficulties. Therefore, the proposed 
scheme introduces two types of disabled parking.  The first category is referred to as wide 
spaces for wheelchair users and the second type is narrow in comparison provided for those 
with mild disabilities.  The local community already thinks that the two types of disability 
parking permits issued reflect the severity although the official classification is based on the 
length of validity of the permit.    
The dissertation has presented the formulations required to analyze and understand the 
impact of combining three concepts which were mentioned in chapter 5, to manage the space of 
a parking lot, with the intention of increasing the share of disabled parking with least impact on 
regular patrons.  It has proved that the proposed handicapped parking reconfiguration with 
wide handicapped parking spaces (average width for one space is 2.875m) for severely disabled 
and narrow handicapped parking spaces (average width for one space is 2.625m) holds much 
more merit than in the traditional one. There is now scope to achieve a meaningful proportion of 
disabled parking near public facilities with minimal impact on regular users.      
It is acknowledged that 30% of parking being devoted to disabled is an impossible target 
to achieve in the current socio-economic environment.  A conservative target may be 20%, 
partly to account for the possibly low mobility potential of disabled people compared to 
able-bodied individuals.  The above value could be compared to the 4~8% recommended by 
ADA in the USA as the amount of parking to be allocated to vehicles of disabled. The ratio of 
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handicapped parking spaces may adjusted by shopping mall based on the actual situation. The 
new conceptual handicapped parking lot in shopping mall is shown in previous chapter.  
Another experiment investigated in university proves illegal parking occurs frequently in 
places far from entrances and to which people would not pay attention to. Setting warning 
messages and vertical signs are an effective way to protect the handicapped parking spaces for 
severely disabled people based on results surveyed in four lots. Meanwhile, rearrangement of 
the reserved spaces in school may make disabled drivers park easier. 
Finally, based on all results of investigation on effect of signals and messages against 
illegal parking by able-bodied drivers and a questionnaire about the importance of parking 
facilities for wheelchair users in shopping mall, etc., some suggestions and comments are 
presented in the PP & PO system, which includes three main parts: policy, improvement for 
individual with disability and measures for able-bodied people. If we can improve them 
successfully, the environment for individuals with disabilities may be greatly improved.  
 
7.3 Future Study 
Because of shortage of permission from shop owners, only formulations required to analyze and 
understand the impact of combining the above three concepts were presented for proposed 
handicapped parking reconfiguration. In future research, we would like to perform our proposed 
model in a popular supermarket in Saga, to see what effects it brings to the handicapped users of 
that supermarket. From this research, we would like to gather what the users think about the 
new configured spaces and if it allows the supermarket users to conveniently access the shop. If 
the newly designed spaces make it easier and more convenient for supermarket users, we would 
like to try and implement a new policy within the Saga city government to redesign the 
handicapped parking spaces in parking lots in Saga. Additionally, perhaps changing the 
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handicapped parking ratio from the current 2% to a higher percentage may give handicapped 
users a more adequate amount of room to park and a happier overall experience. 
In addition, the effective of systems used to avoid illegal parking occurring in 
handicapped parking spaces in the PP & PO systems is not obvious. Therefore, further study 
about how to prevent able-bodied drivers to park in handicapped parking spaces in the 
background of social cognitive theory should be discussed in the future.  
Last but not least, the minimum 2% handicap space rule may not suitable for use in 
school, hospital or other public places. The further study should also research on about what 



















Introduction of GM (1,1) Model 
Grey systems theory was firstly introduced by professor Deng in the year of 1982 (Deng, 1982, 
1989). The new discipline has been concentrated on by a large number of researchers and 
utilized in a variety of fields such as engineering science, since the theory has widespread been 
used. Grey systems theory focuses mainly on such systems as some partial information 
unknown and the researchers would like to know more information or tendency in the future. 
Solutions to these uncertain systems have become a great challenge for further development in 
associated fields. However, it is probable that these fields are able to be provided by approaches 
in grey systems theory as well.  
There are many models utilized in grey models group. Particularly, GM(1,1) model (G 
means grey, M means model, 1,1 mean first-order equation and one variable respectively) is the 
one model frequently used. However, it is inevitable for the approximate model to result in 
some errors when the researchers are utilizing GM(1,1) model. To reduce the inaccuracy of 
using GM(1,1) model, researchers try their best to improve the model. They create some 
derivatives of grey models. Wang introduces a GM(1,1) direct modeling method with 
optimizing grey derivative‘s whitened values to unequal time interval sequence model which 
has the same characteristic of linear transformation consistency as the previous method (Wang, 
Chen, Gao, & Chen, 2004). Mu presents a method to optimize the whitened values of grey 
derivative and constructs an unbiased GM(1,1) model as well.(Mu, 2003a, 2003b). 
Furthermore, background value is discussed by many researchers. Tan introduces a new 
method to construct the formulation of background value. The new model with the application 
of a new formulation of background value can simulate an exponential sequence well (Tan, 
2000). Mu introduces a new method to construct GM(1,1) model based on the improvement of 
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background value (Mu, 2002). In additional, Mao utilizes a modified GM(1,1) model based on 
background value to predict vehicle fatality risk and obtain a better prediction performance 
(Mao & Chirwa, 2006). 
Finally, the aspects of the initial condition in the time response function are discussed by 
some researchers. Dang introduces a method of improvement of grey models using 
)1(X  as the 
starting condition of the grey differential model to increase prediction precision (Dang, Liu, & 
Chen, 2004). Xie proposes grey prediction models and corresponding parameter optimization 
methods. And he also illustrates three classes of grey prediction models such as the 
starting-point fixed discrete grey model, the middle-point fixed discrete grey model and the 
ending-point fixed discrete grey model (Xie & Liu, 2008). Liu presents a method to improve the 
prediction precision by optimization of the coefficient of exponential function (Liu & Lin, 
2006) as well. Li also presents a method of combining GM(1,1) model and markov chain to 
predict the number of Chinese international airlines (Li, Yamaguchi, & Nagai, 2007). 
2. Optimization method of the initial condition 2.1. A brief introduction to the original GM(1,1) 
model Assume that 
))(,),2(),1(( )0()0()0()0( nxxxX   
is a non-negative sequence of raw data, and its sequence of the first order accumulative 
generation operator on 
)0(X  (Deng, 2002; Liu & Lin, 2006) is denoted as following, 








)0()1( ),()(  nk ,,4,3,2,1   
From the sequence
)1(X  obtained from applying the first-order accumulative generation 
operator on sequence
)0(X , we can derive the sequence of generated mean value of consecutive 
neighbors in following, 
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)( )1()1()1(  kxkxkZ , nk ,,4,3,2   
For a non-negative sequence of raw data 
)1()0( , XX  is a newly generated sequence with the 
application of the first-order accumulative generation operator on 
)1()0( ,ZX  is a new sequence 
with the application of the generated mean value of consecutive neighbors operator on 
)1(X  . 
(Deng, 2002; Liu & Lin, 2006) 
then the following equation : 
bkaxkx  )()( )1()0(  
is a grey differential equation. It is called GM(1,1) of original model as well.  






























































In terms of the least square estimate method, we can obtain the parameter estimates from the 
GM(1,1) model in following, 
YBBBa TT 1)( 

  
Proof is omitted by Liu (Liu & Lin, 2006). 
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Professor Deng (2002) points out that the whitened equation and its corresponding time 
response function is not derived from the GM(1,1) model directly, while it is some approximate 
replacement. In fact, the time response function is a solution of the whitened function when the 
initial condition is )1()0(x .  
 
 
